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FOREWORD 


This document's primary purpose is to provide the means for locating 
and extracting GEOS-3 altimeter data acquired for the analysis of specific 
hurricanes, typhoons, and other tropical cyclones. This data may also 
be extremely useful in the analysis of the behavior of t;'e altimeter 
instrument in the presence of severe meteorological disturbances as well 
as provide a data base which can be useful in the resolution of apparently 
anomalous geoid or sea surface characteristics. 


1.0 INTRODUCTION 


This document is the result of recent efforts to correlate all 
of the GEOS-3 satellite altimeter schedule information with all of 
the available 1976 tropical cyclone positional information. The 
time period covers from January 28, 1976, through January 2, 1977. 

The geographical region includes all ocean area north of the equator 
divided into the following operational areas: the Atlantic area 
(which includes the Caribbean and Gulf of Mexico); the eastern 
Pacific area; the central and western Pacific area; and the Indian 
Ocean area. 

During the 1976 season, an effort was maintained to schedule 
the GEOS-3 altimeter consistent with available tropical cyclone 
location information. However, the effort was not nearly as intense 
as that employed during the 1975 season. The results of the 1976 
efforts appear consistent with the conclusions reached after the 
1975 effort - that, with the large number of uncontrolled variables 
associated with the GEOS-3 altimeter operations, the success ratio 
IS mainly due to chance. 

The approach taken in producing this document consists of the 
following steps: 

1. All available source material concerning tropical cyclones 
wciS collected. 

2. The date/time/location information was extracted for each 
disturbance. 

3. This information was compared with the GEOS-3 altimeter 
ON/OFF history information to determine the existence 
of any altimeter data close enough in both time and 
location to make the data potentially useful for further 
study (the very liberal criteria used was time less than 
24 hours and location within 25 degrees). 

4. Geographic plots (cyclone versus GEOS-3 orbit track) were 
produced for all of the events found showing the approximate 
location of the cyclone and the GEOS-3 orbit traces for 

the full day. 

5. The geographic plots were annotated with the available 
cyclone track information and the pertinent GEOS-3 altimeter 
schedule information (orbit number, time of the point of 
closest approach, etc.). 

6. The basic source material as well as the resulting geographic 
plots were grouped together and are presented for each of 
the tropical cyclones considered. 

The altimeter mode information indicated on the daily GEOS/Cvclone 
plots can be decoded as follows: 
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Altimeter Intensive Mode 

Data Rate - Lo (TM Form 1) 

Altitude Data Rate - 10/sec 

Waveform Data and Rate - 16 averaged 
waveform samples at one per «2.2 seconds 
each 

Both pre and post bit-cal performed 


Global Mode Data 
Lo Data Rate (TM Form 1) 

Both pre and post bit-cal performed 


Altimeter Intensive Mode 

Data Rate - Hi (TM Form 3) 

Altitude Data Rate - 100/sec 

Waveform Data and Rate - 8 even numbered 
instantaneous waveform samples at 100/sec 
each. 16 averaged waveform samples at one 
per »3.2 seconds each 

Both ore and post bit-cal performed 


Altimeter Intensive Mode 

Data Rate - Hi (TM Form 2) 

Waveform Data and Rate - 16 instantaneous 
waveform samples at 100/sec each 

Both pre and post bit-cal performed 

16 averaged waveform samples at one per=«3 2 
seconds each 


Altimeter Intensive Mode 

Data Rate Lo (TM Form 1) 

16 averaged waveform samples at one per »2 2 
seconds each 


Mode # 


Mode 


803 * Global Mode Data 

• Lo Data Rate (TM Form 1) 

808 ' Altimeter Intensive Mode 

• Data Rate Hi (TM Form 2) 

16 instantaneous waveform samples at 100/s»»c each 

16 averaged waveform samples at one per 3.2 seconds 
each 


Table 1-1 and Table 1-2 list those GEOS tracks which show the best 
possibility of correlation with tropical cyclone activity. These 
sumnary lists were compiled from all of the daily GEOS/cyclone plots 
Table 1-1 IS listed in time order while Table 1-2 is listed by storm* 
and regional area, each table showing the GEOS revolution number, 
disturbance name and the page number of the corresponding GEOS/cyclone 
ground track plot. It should be pointed out that the GEOS-3 
altimeter on/off information is basically schedule information and 
no attempt has been made to correlate this with the actual existence 

Of ddtd. 
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Table 1-1. 


Summary Listing of Scheduled GEOS 
Revolution Number vs Cyclone 


Orbit # 

5106 

5451 

5684 

5720 

5734 

5741 

5755 

5762 

5762 

5770 

5776 

5783 

5790 

5791 
5798 
5805 
5812 
5826 
5834 
5934 
5955 
5961 
5969 
6020 
6026 
6318 
6318 
6756 
6763 
6777 
6871 
6879 
6879 


Cyclone 

Typhoon Marie 
TC20-76 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 

Subtropical Storm Pamela 
Subtropical Storm #1 
Subtropical Storm #1 
Typhoon Olga 
Subtropical Storm #1 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Typhoon Olga 
Tropical Cyclone One 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Bonny 
Tropical Cyclone Four 
Tropical Storm Anna 
Tropical Storm Anna 
Tropical Storm Anna 
Hurricane Belle 
Hurricane Belle 
Hurricane Hyacinth 


Date 

Page # 

4/04 

4.2-5 

4/29 

5.2-2 

5/15 

4.3-6 

5/18 

4.3-7 

5/19 

4.3-8 

5/19 

4.3-8 

5/20 

4.3-9 

5/21 

4.3-10 

5/21 

4.4-7 

5/21 

2.2-3 

5/22 

2.2-4 

5/22 

4.3-11 

5/23 

2.2-5 

5/23 

4.3-12 

5/23 

4.3-12 

5/24 

4.3-13 

5/24 

4.3-13 

5/26 

4.3-15 

5/26 

4.3-15 

6/02 

3.2-3 

6/03 

3.3-4 

6/04 

3.3-5 

6/04 

3.3-5 

6/08 

3.3-6 

6/08 

3.3-6 

6/28 

3.4-3 

6/28 

3.5-3 

7/30 

2.3-3 

7/31 

2.3-4 

8/01 

2.3-5 

8/07 

2.4-5 

8/08 

2.4-6 

8/08 

3.6-4 
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Table 1-1 (cont.) 


Orbit # 

Cyclone 

Date 

Page # 

6884 

Hurricane Belle 

8/D8 

2.4-6 

6885 

Hurricane Belle 

8/08 

2.4-6 

6893 

Hurricane Belle 

8/09 

2.4-7 

6898 

Hurricane Belle 

8/09 

2.4-7 

6899 

Hurricane Belle 

8/09 

2.4-7 

6900 

Hurricane Belle 

8/09 

2.4-7 

6907 

Hurricane Belle 

8/10 

2.4-8 

6913 

Hurricane Belle 

8/10 

2.4-8 

7021 

Hurricane Candice 

8/18 

2.5-3 

7027 

Hurricane Candice 

8/18 

2.5-3 

7035 

Hurricane Candice 

8/19 

2.5-4 

7035 

Tropical Storm Dottle 

8/19 

2.6-4 

7036 

Hurricane Candice 

8/19 

2.5-4 

7036 

Tropical Storm Dottle 

8/19 

2.6-4 

7041 

Hurricane Candice 

8/19 

2.5-4 

7041 

Tropical Storm Dottie 

8/19 

2.6-4 

7049 

Hurricane Candice 

8/20 

2.5-5 

7049 

Tropical Storm Dottie 

8/20 

2.6-5 

7070 

Tropical Storm Dottie 

8/21 

2.6-6 

7076 

Hurricane Emmy 

8/22 

2.7-4 

7078 

Hurricane Candice 

8/22 

2.5-7 

7084 

Hurricane Candice 

8/22 

2.5-7 

7084 

Hurricane Emmy 

8/22 

2.7-4 

7090 

Hurricane Emtny 

8/23 

2.7-5 

7092 

Hurricane Candice 

8/23 

2.5-8 

7092 

Hurricane Emny 

8/23 

2.7-5 

7098 

Hurricane Candice 

8/23 

2.5-8 

7098 

Hurricane Eniny 

8/23 

2.7-5 

7106 

Hurricane Candice 

8/24 

2.5-9 

7106 

Hurricane Emmy 

8/24 

2.7-6 

7107 

Hurricane Iva 

8/24 

3.7-4 

7112 

Hurricane Emmy 

8/24 

2.7-6 

7120 

Hurricane Emmy 

8/25 

2.7-7 

7127 

Hurricane Eirmy 

8/25 

2.7-7 


s 
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Table 1-1 (cont. ) 


Orbit # 

Cyclone 

Date 

Page # 

7149 

Hurricane Emmy 

8/27 

2.7-9 

7155 

Hurricane Emmy 

8/27 

2.7-9 

7161 

Hurricane Frances 

8/28 

2.9-3 

7163 

Hurricane Emmy 

8/28 

2.7-10 

7164 

Hurricane Iva 

8/28 

3.7-5 

7169 

Hurricane Emmy 

8/28 

2.7-10 

7169 

Hurricane Frances 

8/28 

2 9-3 

7175 

Hurricane Frances 

8/29 

2.9-4 

7177 

Hurricane Emmy 

8/29 

2.7-n 

7177 

Hurricane Frances 

8/29 

2.9-4 

7182 

Hurricane Emmy 

8/29 

2.7-n 

7183 

Hurricane Frances 

8/29 

2.9-4 

7185 

Hurricane Iva 

S/t.3 

3.7-6 

7196 

Hurricane Emmy 

8/30 

2.7-12 

7198 

Hurricane Frances 

8/30 

' 2 9-5 

7204 

Hurricane Emmy 

8/31 

2.7-13 

7204 

Hurricane Frances 

8/31 

2 9-6 

7212 

Hurricane Frances 

8/31 

2 9-6 

7220 

Hurricane Frances 

9/01 

2.9-7 

7226 

Hurricane Frances 

9/01 

2 9-7 

7234 

Hurricane Frances 

9/02 

2.9-8 

7246 

Hurricane Enmy 

9/03 

2.7-16 

7246 

Hurricane Frances 

9/03 

2.9-9 

7248 

Hurricane Frances 

9/03 

2.9-9 

7253 

Hurricane Emmy 

9/03 

2.7-16 

7260 

Hurricane Emmy 

9/04 

2.7-17 

7261 

Hurricane Emmy 

9/04 

2.7-17 

7261 

Hurricane Frances 

9/04 

2.9-10 

7264 

Tropical Storm Joanne 

9/04 

3.8-4 

7313 

Hurricane Kathleen 

9/07 

3.9-4 

7397 

Subtropical Storm #3 

9/13 

2.8-3 

7405 

Subtropical Storm #3 

9/13 

2.8-3 

7411 

Subtropical Storm #3 

9/14 

2.8-4 

7425 

Subtropical Storm #3 

9/14 

2.8-4 
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Table 1-1 (cont.) 


Orbit # 

Cyclone 

7562 

Hurricane Liza 

7588 

Hurricane Gloria 

7595 

Hurricane Gloria 

7596 

Hurricane Gloria 

7604 

Hurricane Madeline 

7605 

Hurricane Gloria 

7610 

Hurricane Gloria 

7618 

Hurricane Gloria 

7624 

Hurricane Gloria 

7632 

Hurricane Gloria 

7637 

Hurricane Gloria 

7640 

Hurricane Liza 

7645 

Hurricane Gloria 

7651 

Hurricane Gloria 

7652 

Hurricane Gloria 

7659 

Hurricane Gloria 

7665 

Hurricane Gloria 

7666 

Hurricane Gloria 

7673 

Hurricane Gloria 

7675 

Hurricane Gloria 

7679 

Hurricane Gloria 

7680 

Hurricane Gloria 

7689 

Hurricane Gloria 

7693 

Hurricane Gloria 

7959 

Hurricane Holly 

7964 

Hurricane Holly 

7965 

Hurricane Holly 

7973 

Hurricane Holly 

7986 

Hurricane Holly 

7993 

Hurricane Holly 

7994 

Hurricane Holly 

8001 

Hurricane Holly 

8002 

Hurricane Holly 

8006 

Hurricane Holly 

8007 

Hurricane Holly 

8008 

Hurricane Holly 


Date 

Page # 

9/25 

3.10-4 

9/27 

2.10-3 

9/27 

2.10-3 

9/27 

2.10-3 

9/29 

3.11-5 

9/28 

2.10-4 

9/28 

2.10-4 

9/29 

2.10-5 

9/29 

2.10-5 

9/30 

2.10-6 

9/30 

2.10-6 

9/30 

3.10-5 

10/01 

2.10-7 

10/01 

2.10-7 

10/01 

2.10-7 

10/02 

2.10-8 

10/02 

2.10-8 

10/02 

2.10-8 

10/03 

2.10-9 

10/03 

2.10-9 

10/03 

2.10-9 

10/03 

2.10-9 

10/04 

2.10-10 

10/04 

2.10-10 

10/23 

2.11-3 

10/23 

2.11-3 

10/23 

2.11-3 

10/24 

2.11-4 

10/25 

2.11-5 

10/25 

2.11-5 

10/26 

2.11-6 

10/26 

2.11-6 

10/26 

2.11-6 

10/26 

2.11-6 

10/26 

2.11-6 

10/27 

2.11-7 



Table 1-1 

(cont. ) 


Orbit # 

Cyclone 

Date 

Page # 

8016 

Hurricane Holly 

10/27 

2.11-7 

8020 

Hurricane Holly 

10/27 

2.11-7 

8021 

Hurricane Holly 

10/27 

2.11-7 

8022 

Hurricane Holly 

10/28 

2.11-8 

8030 

Hurricane Holly 

10/28 

2.11-8 

8035 

Hurricane Holly 

10/28 

2.11-8 

8036 

Hurricane Holly 

10/28 

2.11-8 

8048 

Hurricane Holly 

10/29 

2.11-9 

8049 

Hurricane Holly 

10/29 

2.11-9 

8063 

Subtropical Storm Louise 

10/30 

4.5-6 
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Table 1-2 


Summary Listing of Cyclone vs. GEOS 
Revolution Number According to Area 


2.0 ATLANTIC AREA 


Cyclone Name 

Date 

GEOS Orbit 

Paae 

Subtropical Storm .'1 

5/21 

5770 

2.2-3 

Subtropical Storm #1 

5/22 

5776 

2.2-4 

Subtropical Storm #1 

5/23 

5790 

2.2-5 

Subtropical Storm #3 

9/13 

7397 

2.8-3 

Subtropical Storm #3 

9/13 

7405 

2.8-3 

Subtropical Strom #3 

9/14 

7411 

2.8-4 

Subtropical Storm #3 

9/14 

7425 

2.8-4 

Tropical Storm Anna 

7/30 

6756 

2.3-3 

Tropical Strom Anna 

7/31 

6763 

2.3-4 

Tropical Storm Anna 

8/01 

6777 

2.3-5 

Hurricane Belle 

8/07 

6871 

2.4-5 

Hurricane Belle 

8/08 

6879 

2.4-6 

Hurricane Belle 

8/08 

6884 

2.4-6 

Hurricane Belle 

8/08 

6885 

2.4-6 

Hurricane Belle 

8/09 

6893 

2.4-7 

Hurricane Belle 

8/09 

6898 

2.4-7 

Hurricane Belle 

8/09 

6899 

2.4-7 

Hurricane Belle 

8/09 

6900 

2.4-7 

Hurricane Belle 

8/10 

6907 

2.4-8 

Hurricane Belle 

8/10 

6913 

2.4-8 

Hurricane Candice 

8/18 

7021 

2.5-3 

Hurricane Candice 

8/18 

7027 

2.5-3 

Hurricane Candice 

8/19 

7035 

2.5-4 

Hurricane Candice 

8/19 

7036 

2.5-4 

Hurricane Candice 

8/19 

7041 

2.5-4 

Hurricane Candice 

8/20 

7049 

2.5-5 

Hurricane Candice 

8/22 

7078 

2.5-7 

Hurricane Candice 

8/22 

7084 

2.5-7 

Hurricane Candice 

8/23 

7092 

2.5-8 

Hurricane Candice 

8/23 

7098 

2.5-8 

Hurricane Candice 

8/24 

7106 

2.5-9 


Table 1-2 (cent.) 


Cyclone Name 

Date 

Orbit 

Page # 

Tropical Storm Dottie 

8/19 

7035 

2.6-4 

Tropical Storm Dottie 

8/19 

7036 

2.6-4 

Tropical Storm Dottie 

8/19 

7041 

2.6-4 

Tropical Storm Dottie 

8/20 

7049 

2.6-5 

Tropical Storm Dottie 

8/21 

7070 

2.6-6 

Hurricane Emmy 

8/22 

7076 

2.7-4 

Hurricane Emmy 

8/22 

7084 

2.7-4 

Hurricane Emmy 

8/23 

7090 

2.7-5 

Hurricane Emmy 

8/23 

7092 

2.7-5 

Hurricane Emmy 

8/23 

7098 

2.7-5 

Hurricane Erimy 

8/24 

7106 

2.7-6 

Hurricane Emmy 

8/24 

7112 

2.7-6 

Hurricane Emmy 

8/25 

7120 

2.7-7 

Hurricane Eimiy 

8/25 

7127 

2.7-7 

Hurricane Er«ny 

8/27 

7149 

2.7-9 

Hurricane Emni> 

8/27 

7155 

2.7-9 

Hurricane Ettmy 

8/?8 

7163 

2.7-10 

Hurricane Emmy 

8/28 

7169 

2.7-10 

Hurricane Emmy 

8/29 

7177 

2.7-11 

Hurrir.’iie Emmy 

8/29 

7182 

2.7-11 

Hurricane Enmy 

8/30 

7196 

2.7-12 

Hurricane Emmy 

8/31 

7204 

2.7-13 

Hurricane Emmy 

9/03 

7246 

2.7-16 

Hurricane Emmy 

9/03 

7253 

2.7-16 

Hurricane Emmy 

9/04 

7260 

2.7-17 

Hurricane Enmy 

9/04 

7261 

2.7-17 

Hurricane Frances 

8/28 

7161 

2.9-3 

Hurricane Frances 

8/28 

7169 

2.9-3 

Hurricane Frances 

8/29 

7175 

2.9-4 

Hurricane Frances 

8/29 

7177 

2.9-4 

Hurricane Frances 

8/29 

7183 

2.9-4 

Hurricane Frances 

8/30 

7198 

2.9-5 

Hurricane Frances 

8/31 

7204 

2.9-6 

Hurricane Frances 

8/31 

7212 

2.9-6 
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Table 1-2 (cont. ) 


Cyclone Name 

Date 

Hurricane Frances 

9/01 

H^lrricane Frances 

9/01 

Hurricane Frances 

9/02 

Hurricane Frances 

9/03 

Hurricane Frances 

9/03 

Hurricane Frances 

9/04 

Hurricane Gloria 

9/27 

Hurricane Gloria 

9/27 

Hurricane Gloria 

9/27 

Hurricane Gloria 

9/28 

Hurricane Gloria 

9/28 

Hurricane Gloria 

9/29 

Hurricane Gloria 

9/29 

Hurricane Gloria 

9/30 

Hurricane Gloria 

9/30 

Hurricane Gloria 

10/1 

Hurricane Gloria 

10/1 

Hurricane Gloria 

10/1 

Hurricane Gloria 

10/2 

Hurricane Gloria 

10/2 

Hurricane Gloria 

10/2 

Hurricane Gloria 

10/3 

Hurricane Gloria 

10/3 

Hurricane Gloria 

10/3 

Hurricane Gloria 

10/3 

Hurricane Gloria 

10/4 

Hurricane Gloria 

10/4 

Hurricane Holly 

10/23 

Hurricane Holly 

10/23 

Hurricane Holly 

10/23 

Hurricane Holly 

10/24 

Hurricane Holly 

10/25 

Hurricane Holly 

10/25 

Hurricane Holly 

10/26 


Orbit 

Page 

7220 

2.9-7 

7226 

2.9-7 

7234 

2.9-8 

7246 

2.9-9 

7248 

2.9-9 

7261 

2.9-10 

7588 

2.10-3 

7595 

2.10-3 

7596 

2.10-3 

7605 

2.10-4 

7610 

2.10-4 

7618 

2.10-5 

7624 

2.10-5 

7632 

2.10-6 

7637 

2.10-6 

7645 

2.10-7 

7651 

2.10-7 

7652 

2.10-7 

7659 

2.10-8 

7665 

2.10-8 

7666 

2.10-8 

7673 

2.10-9 

7675 

2.10-9 

7679 

2.10-9 

7680 

2.10-9 

7689 

2.10-10 

7693 

2.10-10 

7959 

2.11-3 

7964 

2.11-3 

7965 

2.11-3 

7973 

2.11-4 

7986 

2.11-5 

7993 

2.11-5 

7994 

2.11-6 
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Table 1»2 {cont. ) 


C-'Clone Name 

Date 

Orbi t 

Page # 

Hurricane Holly 

10/26 

8001 

2.11-6 

Hurricane Holly 

10/26 

8002 

2.11-6 

Hurricane Holly 

10/26 

8006 

2.11-6 

Hurricane Holly- 

10/26 

8007 

2.11-6 

Hurricane Holly 

10/27 

8008 

2.11-7 

Hurricane Holly 

10/27 

8016 

2.11-7 

Hurricane Holly 

10/27 

8020 

2.11-7 

Hurricane Holly 

10/27 

8021 

2.11-7 

Hurricane Holly 

10/28 

8022 

2.11-8 

Hurricane Holly 

10/28 

8030 

2.11-8 

Hurricane Holly 

10/28 

8035 

2.11-8 

Hurricane Holly 

10/28 

8036 

2.11-8 

Hurricane Holly 

10/29 

8048 

2.11-9 

Hurricane Holly 

10/29 

8049 

2.11.9 


1.1-12 
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Table 1-2 (cont.) 

3.0 EASTERN PACIFIC & U. S. WEST COAST 


Cyclone Name 
Tropical Cyclone One 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Annette 
Hurricane Bonny 
Tropical Cyclone Four 
Hurricane Hyacinth 
Hurricane Iva 
Hurricane Iva 
Hurricane Iva 
Tropical Storm Joanne 
Hurricane Kathleen 
Hurricane Liza 
Hurricane Liza 
Hurricane Madeline 


Date 

Orbit 

Page # 

6/02 

5934 

3.2-3 

6/03 

5955 

3.3-4 

6/04 

5961 

3.3-5 

6/04 

5969 

3.3-5 

6/08 

6020 

3.3-6 

6/08 

6026 

3.3-6 

6/28 

6318 

3.4-3 

6/28 

6318 

3.5-3 

8/08 

6879 

3.6-4 

8/24 

7107 

3.7-4 

8/28 

7164 

3.7-5 

8/29 

7185 

3.7-6 

9/04 

7264 

3.8-4 

9/04 

7313 

3.9-4 

9/25 

7562 

3.10-4 

9/30 

7640 

3.10-5 

9/29 

7604 

3.11-5 
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Table 1-2 (cont. ) 


4.0 CENTRAL & WESTERN PACIFIC AREAS 


Cyclone Name 

Date 

Orbi t 

Page # 

Typhoon Marie 

4/04 

5106 

4.2-5 

Typhoon Olga 

5/15 

5684 

4.3-6 

Typhoon Olga 

5/18 

5720 

4.3-7 

Typhoon Olga 

5/19 

5734 

4.3-8 

Typhoon Olga 

5/19 

5741 

4.3-8 

Typhoon Olga 

5/20 

5755 

4.3-9 

Typhoon Olga 

5/21 

5762 

4.3-10 

Typhoon Olga 

5/22 

5783 

4.3-11 

Typhoon Olga 

5/23 

5791 

4.3-11 

Typhoon Olga 

5/23 

5798 

4.3-11 

Typhoon Olga 

5/24 

5805 

4.3-12 

Typhoon Olga 

5/24 

5812 

4.3-12 

Typhoon Olga 

5/25 

5826 

4.3-13 

Typhoon Olga 

5/26 

5834 

4.3-14 

Super Typhoon Pamela 

5/21 

5762 

4.4-7 

Super Typhoon Louise 

10/30 

8063 

4.5-6 


1.1-14 


Table 1-2 (cont.) 


5.0 NORTH INDIAN OCEAN AREA 
Cyclone Name Date 

Tropical Cyclone 20-76 4/29 


Orbit 

5451 


Page # 
5.2-5 
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2.0 ATLANTIC AREA TROPICAL AND SUBTROPICAL CYCLONES 


2.1 General 


The data presented in this section on tropical and subtropical 
cyclones occurring in the Atlantic area were extracted f''om the National 
Hurricane Center's document, "Annual Data and Verification Tabulation 
Atlantic Tropical Cyclones 1976," and from the Monthly Weather Review's 
article "Atlantic Hurricane Season of 1976," by Miles B. Lawrence. During 
the 1976 season, there were a total of 10 cyclones that occurred in this 
area as listed below: 


Subtropical Storm No. 1 

Tropical Storm "Anna" 
(Subtropical Storm No. 2) 

Hurricane "Belle" 

Hurricane "Candice" 

Tropical Storm "Dottie" 

Hurricane "Emmy" 

Hurricane "Frances" 

Subtropical Storm No. 3 

Hurricane "Gloria" 

Hurricane "Holly" 


(05/21/76 - 05/25/76) 
(07/28/76 - 08/06/76) 

(08/06/76 - 08/10/76) 
(08/18/76 - 08/24/76) 
(08/17/76 - 08/21/76) 
(08/20/76 - 09/04/76) 
(08/27/76 - 09/07/76) 
(09/13/76 - 09/17/76) 
(09/26/76 - 10/04/76) 
(10/22/76 - 10/28/76) 


Ground track plots of the Atlantic subtropical cyclones are shown 
in Figure 2-1 and track plots ibr the Atlantic tropical cyclones are shown 
In Figure 2-2. 


Results of the comparison of the cyclone information and the GEOS-3 
schedule information indicates that all of the cyclones may have associated 
GEOS altimeter data. All information as available for these cyclones along 
with any promising GEOS ground track maps are presented in the following 
sections. 



Figure 2-1. Tracks of North Atlantic Subtropical Cyclones, 1976. 
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SUBTROPICAL STORM #1 
May 21-25, 1976 


21. reports from the NOAA Buoy EB04 (26°N. 90°W) and ship 

GSlf'"oriItexici"‘^’Th^®i ^ ^o”-P;;®ssure system was developing over the^central 
Gulf of ^xico. The low gained strength and drifted northwest until becomino 
nearly stationary on May 22 just north of EB04. until Decoming 

trough in the westerlies over the Mississippi Valley began 

S?n^ strengthened tS sub?ropical 

storm intensity. The storm accelerated toward the east-northeast at 20 kt 
and crossed north F orida and southwest Georgia that afternoon. The system 
ontinued into the Atlantic and merged with a frontal system by May 25. 

The development of the storm had some characteristics of a tropical 

thnjpreiJh If f environment remained cofd and 

tne approach of an upper trough prevented any further warming of the system 
However, the upper trough did contribute to the strengthening of thi Vol 

estimated on May 24 when^the storm was 
offshore of the Carolines. Highest winds were 45 kt. 

to PelinSlf Inri r^LhS along the Gulf coast from Tampa 

area HLw’r,?nf^?f with large swells, caused beach erosion in this 
1 '^a’nTall was reported over eastern South Carolina with 5 inches 
from the storm was minimal and rainfall was beneficial 
a?ea!^ since precipitation had been below normal in this 


1 
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TROPICAL STORM ANNA 
(Subtropical Storm No. 2) 
July 28 - August 6, 1976 


The first named storm of the 1976 season began as a subtropical 
depression late on July 28, several hundred miles southeast of Bermuda. 

As the system moved toward the east-northeast, it gradually strengthened, 
reaching subtropical storm force early on July 30, approximately 100 nm 
southwest of the Azores. 

A ship, M/S Pointe Alleqve^ confirmed the presence of the second 
subtropical storm of the season by passing through the center at 0200 GMT 
July 30. This vessel reported a barometric fall from 1014 to 999 mb 
followed by a rapid rise to 1010 mb, all of this within a 1 hour period. 

The ship experienced heavy thunderstorms with gusts to 60 kt and winds 
shifting from southeast to south-southwest to northwest. 

The storm continued toward the east-northeast and began to rapidly 
acquire tropical characteristics, as inferred from satellite pictures. 

It was named Tropical Storm Anna on the afternoon of July 30 and then 
continued in a northeasterly direction sustaining winds of about 40 kt. 

As Anna crossed south of the Azores on August 1, its path became 
blocked by a surface ridge to the east and north. The cloud pattern 
became disorganized and tropical characteristics were lost. After the 
storm became ext»"atropical , a ship encountered the system 400 nm northeast 
of the Azores and at 1200 GMT August 2, an east wind of 46 kt and a 998.5 mb 
central pressure were reported. The storm's motion was blocked for the 
next 3 days as it made a slow counterclockwise loop through the Azores. 

By now the system was quite weak and passed east of the Azores as a 
1015 mb low pressure system on August 6. 

There were no wind reports from the Azores above gale force except 
after Anna had become extratropical , and there were no reports of damage 
or casualties. 
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HURRICANE BELLE 
August 6-10, 1976 


July 2 b" the African Coast on 

Atlantic and was well defined!^ On jJIlv 3lM^th .tracked across the 
was better organized than most waves seen in '*'1 J-Atlantic, the system 
-"dieted a possible lower-tropospberic circulation m«h Jele'ctje"''" 

UseU «::i:r:i]!:a?57^L“he*j;??b‘jean‘ 

just east of the Leeward Island? and a ’ convection separated 

ceacbipp a position'JSs? ^llrol ?b"e^ 

400 nm''wfdl! 'illd’latl inSgJstV^a Sell!defiJed e"" “ d™* *«>- 

indicated. Finally, early on AuoSst 6 s Jf!! ^ cirrus-level outflow was 
minimum central pressure of 1012^1*\nH reached 25 kt with a 

depression. ™ system was upgraded to a tropical 

a central pressure o/957Ti?was^rMcLrwUh^^ early on August 9 when 

speed of 105 kt. NOAA research aiSSft T ^''Stained surface wind 

Belle"! f™? » '™Bical stone. 

Actually during this time the^e tas Ts^fw^i ^he Bahamas, 

after reaching tropical storm intensitj accefpiA?ln soon 

west and toward the north by AuoSt 8 "orth- 

the next two days while continued for 

coest’-oTSJJ ulT T'h;'Jo?:t''Sri!„J?alf“ BBT) on the south 

of Jones Beach on western Long Island. estimated to be in the vicinity 

reechlJ^ !hlToSic“!“:is1 Long Island Sound, 

across west central Massachusetts info m ® ^ continued 

eastward into western Maine. oin-nr?hiria?prnpr- finally north- 

Maine, tropical characteristics were lost ^ ^ over New Hampshire and 
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As is the case with almost every storm that moves very near and parallel 
to the U.S. east coast, it was necessary to place a hurricane watch and/or 
warning over a rather large segment of the Eastern Seaboard. Belle was no 
exception. The entire coastline from Georgia northward to Maine was eventually 
placed under a hurricane watch. 

Hurricane warnings were first announced for the Outer Banks of North 
Carolina from Kitty Hawk to Cape Lookout. This was on the afternoon of 
August 8. By the evening of August 9, warnings had extended northward through 
Maine. 

By midday on August 9, the public advisories started mentioning central 
or eastern Long Island as the point of landfall. Coastal storm tides xif 8 ft 
or more above normal were emphasized as well as high winds near landfall. An 
inland flash flood threat was expressed for much of the northeast as heavy 
rain had already been occurring not associated with Belle. In addition, tides 
of 12-15 ft above normal in some bays and inlets were considered possible near 
the center. 

However, the storm had been on a weakening trend for about 24 hours prior 
to landfall, so that at the time of landfall the estimated maximum sustained 
winds were 65 kt and minimum sea level pressure was up to near 980 mb. 

One of the reasons for this significant weakening before landfall is the 
fact that Belle's northward motion remained at speeds less than 25 kt. This 
allowed more time for the storm to travel over the colder waters of the Atlantic. 

Estimates of damage caused by strong winds were minimal. Reports indicate 
that maximum sustained winds were mostly less than hurricane force over most 
of the warning area. Steady northwest 55-65 kt winds were estimated along the 
Outer Banks of North Carolina during the period that Belle passed just offshore. 
Moving northward, the next highest wind reported was 50 kt with gusts to 60 kt 
at Ocean City, MD. Along the New Jersey coast, 30-40 kt was common but the 
Bottom estimated 55 kt with gusts to 80 kt, and ;-!anaa<ruun estimated 70 kt gusts. 

Tidal variation associated with the storm surge was generally about 3 ft 
above normal over much of the warning area. However, at some locations from 
New Jersey southward, tides were somewhat below normal due to an offshore 
wind component. 

Rainfall amounts of 4-5 inches during the 24 hour period of Belle’s 
passage were common over much of the warning area as well as quite a distance 
inland, especially in the western and northern mountains of New England. 

Because of widespread precipitation throughout the area for a day or 
two immediately prior to the hurricane, there was considerable small stream 
flooding and flooded roads. Crop damage was spotty and although there were 
some losses to bottomland crops, the New England Crop and Live-Stock Reporting 
Service said "Damage from Hurricane Belle was much less than anticipated...". 
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two drowned in^southerj^vlrllont whera^foot\ridae to Belle; 

In Connecticut, a woman was killed in Barkhamstplrf uh» under them, 

a tree. At Norfolk. VA. a traffic a^rinlnf ^ sl'idded into 

death. In New York, a falling tJL ias rMD^I!^*M f '"^’2 •'^suited in one 
fore, five storm-related deaths are accouS for fatality. There- 

diffiS'"to estimaJr ^The^?arLS^’fin^ "’•2^ Persons evacuated are 
of 250.000 people along the New^JeJsIv®shorr^’I^‘^’\ that 
30,000 people has been given for New Yori? r?t-u ^ ^®™hioed figure of near 
Connecticut reports approximately 5000 evacuated"*^ Suffolk County, New York, 
coast 10.000 people evacuated. uSw^Jbcu^^H. Carolina 

elsewhere in New England and along thrEaJwn 2 evacuated 

concluded that nearly half a miliinn ” Seaboard. It can therefore be 

danger of Beliefs stJrm surge ° evacuated in anticipation of the 

is «aX'a°'?L'rS? ”” 

although other property damage (dwefiiSas northeast United States, 

structures) accounts for a cSnsiderable percenLop‘'°"^^ beachfront 

primarily on data provided by the Prooertv figure is based 

Insurance Association. ^ ^ Claim Services of the American 
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DISTURBANCE: 

DATE; 


HURRICANE BELLE 
August 6-10, 1976 


Date 

Time 

Posi 

Latitude 

tion 

Longitude 

Pressure 

(MB) 

Wind 

(KTS) 

Stage 

8/7 

1 m 

IQ 1 1 
IQ S m 

26. IN 
25.8 
26.2 
26.6 


993 


Tropical Storm 
Hurricane 

8/8 

1 

27. IN 
?7.5 
28.5 
29.4 


964 

■ 

Hurricane 

8/9 

Q c • 9 
K E 1 9 

Ik [ : 9 

K i ! 9 

31. IN 
32.4 

34.7 

36.8 


965 

971 

90 

90 

75 

70 

Hurricane 

8/10 


39. 5N 
41.0 

73. 5W 
73.5 


77 

50 

Hurricane 
Tropical Storm 


2 . 
















































LOCATION 

Hurricane 

LATITUDE 


LONGITUDE 




















HURRICANE BELLE - 8/9/76 (OOOOZ - 24002) 
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HURRICANE BELLE - 8/10/76 (OOOOZ - 1200Z) 


LOCATION 
Tropicil Stonr 
LATITUDE LONGITUDE 


ITOB CROSSING 


ITOR CROSSING 


135308 


1434 55 


141332 


144833 


161643 
















HURRICANE CANDICE 


August 18-24, 1976 


Candice originated as a baroclinic system. As early as August 11, a 
cold low was clearly evident at 200 mb, centered about 500 nm southeast of 
Bermuda. At this time there was no reflection of the system on the surface 
pressure analysis; in fact, a surface ridge of high pressure extended north- 
south along 60°W longitude. The outline of the cold low was clearly seen 
on a movie loop made from successive satellite pictures. 

This upper low drifted northwestward for the next few days and convective 
cloudiness incredsed, but it wds not until AuQust 15 thdt d brodd low pressure 
area was detected on surface charts. Meanwhile, the low at 200 mb was becoming 
less well defined; by August 17 only an upper trough west of the surface low 
could be identified and the flow above the surface ow became increasingly 
anticyclonic. This suggested a general warming of the system and a transfor- 
mation to tropical structure. 

At 1200 GMT August 18, about 200 nm west of Bermuda, the low was clas- 
sified as a tropical depression as satellite pictures showed increasingly 
better organization and a ship reported winds gusting to 40 kt. Development 
continued and it was named later on the same day. 

As the storm moved northeastward about 15 kt, slight weakening occurred 
beginning on the afternoon of August 19 and continuing until the following 
afternoon, when the storm again began to deepen. It became a hurricane during 
the night of August 20. Maximum intensity was reached on the afternoon of 
August 22 when the lowest pressure dropped to 964 mb and maximum sustained 
winds were 80 kt. 

Early on August 24, the hurricane was overtaken by a rapidly moving cold 
front east of Cape Race, Newfoundland. It rapidly lost its identity as a 
tropical system while accelerating northeastward over the open Atlantic. 

Candice initially took a north-northeast course around the periphery of 
a 1031 mb high centered just west of the Azores. By August 21 the central 
pressure of the high had dropped to 1026 mb and as steering currents became 
balanced, the hurricane drifted southeastward for about 24 hours. It began 
to be influenced by a prefrontal trough on August 22, after which it accel- 
erated northeastward. 

There were no known casualties or damages associated with Candice. 
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DISTURBANCE: HURRICANE CANDICE 


Position 

Latitude 

Longitude 

34. ON 

67. 7W 

35. 3N 

66. 3W 

37.0 

65.2 

37.5 

65.2 

38.1 

64.1 

39. ON 

63. 7W 

40.0 

62.5 

40.2 

61.7 

40.6 

61.1 

41. 3N 

60. OW 

41.2 

58.9 

41.0 

59.3 

40.4 

58.8 

40. 3N 

57. 8W 

40.8 

57.8 

41.1 

56.7 

41.2 

56.8 


Pressure 


Tropical Depression 


Tropical Storm 


Tropical Storm 


Tropical Storm 


Hurricane 


Hurricane 


Hurricane 

Extratropical 







































































































HURRICANE CANDICE - 8/22/76 (OOOOZ - 2400Z) 
















































TROPICAL STORM DOTTIE 


August 17-21, 1976 


Dottie began spectacularly and ended ignominiously. The initial low 
center which became Dottie formed about 150 nm northwest of Key West during 
the evening of August 17 in response to a strong upper level trough which 
moved rapidly southward into the eastern Gulf of Mexico. On the next morning, 
the center consolidated between Dry Tortugas and Key West as pressure fell 
8 mb in 24 hours in the area. The depression drifted slowly east and north- 
east during the next 24 hours with the pressure falling to 1004 mb at Key West 
during the early morning hours of August 19. 

The system moved northeast rapidly during the morning and was named 
Dottie that afternoon as it reached the Atlantic near Palm Beach. The depres- 
sion was not upgraded to a storm in the morning because of the uncertainty 
that the center might remain over land. However, post-analysis indicates 
storm strength was attained by 1200 GMl . Air Force reconnaissance reports 
indicated 35 kt winds near the middle Keys around mid-morning and 35-45 kt 
gusts were reported in the middle and upper Keys and on Grand Bahama during 
the day. In addition, 24 hour rainfall amounts of 5 inches were common in 
the Greater Miami area with one report of over 8 inches in Coral Gables. 

Building high pressure north of the storm indicated Dottie would turn 
more to the west. Also, conditions appeared favorable for further streng- 
thening. Accordingly, gale warnings were issued at 2200 GMT August 19 from 
Jacksonville, FL, to Virginia Beach, including Pamlico and Albermarle Sounds, 
and a hurricane watch from Savannah, GA, to Cape Hatteras, NC. The hurricane 
watch was extended to Jacksonville at 1000 GMT the next morning when it 
appeared the center was slowing and turning more to the west. However, the 
storm continued north and moved inland near Charleston, SC during the evening. 

Dottie strengthened after moving off the Florida coast and an Air Force 
plane found the storm's minimum central pressure of 996 mb and maximum esti- 
mated surface winds of 45 kt around 0600 GMT August 19 when the center was 
about 75 miles northeast of Daytona Beach. Strong high-level winds over the 
storm caused weakening thereafter and Dottie was barely of tropical storm 
strength at landfall. 

Gusts of 35-40 kt were reported at beach locations near Wilmington, NC. 
Tides were 3.5 ft above normal at Atlanta Beach, NC, and ranged from 1-2 ft 
above normal from Jacksonville Beach to the North Carolina Outer Banks. 

Carolina Beach had a storm rainfall of 7.78 inches with amounts of 4-6 inches 
over the remainder of coastal North Carolina near Wilmington. 

The low pressure center which was the remnant of Dottie moved back over 
the water on August 22. It almost retraced the storm track, south and then 
southwest across central Florida into the Gulf of Mexico where it lost its 
identity on August 25. No strong winds or significant shower activity were 
associated with the low and it has not been included in the track. 


Four deaths resulted from Dottle when a fishing boat when down on 
August 19 near Grand Bahama Bank. Damage from the storm was minor, 
occurring mainly as beach erosion from Georgia to North Carolina. 

\ 
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Position 


Latitude Longitude 


25. ON 
26.5 


28. 6N 
29.9 
30.6 
32.1 


81. 5W 
80.0 


79. 8W 
80.3 
79.9 
80.0 


Pressure 

(MB) 


Wind 

(ICTS) 


25 

25 


30 

45 

45 

45 


Stage 


Tropical Depression 


Tropical Depression 
Tropical Storm 


32. 8N 


79. 8W 


45 


Tropical Storm 






















• best track estimate 













TROPICAL STOKH OOTTIE - 8/20/76 (OOOOZ - 24002) 



LOCATION 
ropical Storr 

LATlTUOe LONGITUDE [ ORBIT I EQUATOR CROSSING I TIME OF EQUATOR CROSSING I APPROXIMATE PCA I ON I OlT 


7049 


S0.3W 


79.7 


7050 


80.1 


7055 


1 83''.’ 31 . 8 80.0 


24002 




































LOCATION 

Tropical Cepression 

LATITUDE LONGITUDE 


UATOR CROSSING I TIME OF EQUATOR CROSSING 




7064 

89.00 

064414 

0724 

No 

7069 

-37.61 

151309 

15281 

No 

7070 

-62.93 

165456 

1705Z 

165800 

7071 

-83.26 

183643 

1843Z 

No 


iriTiMimTiir]| 


























HURRICANE EMMY 


August 20 - September 4, 1976 


A tropical disturbance moved off the African coast on August 15. After 
traveling westward at 15-20 kt for several days, a depression formed 1000 nm 
east of the Lesser Antilles on August 20. This depression gradually streng- 
thened as it slowed to 10 kt and became Tropical Storm Emmy on August 22 at 
a position 300 nm east of the Leeward Islands. 

Emmy was now moving northwest about 15 kt and by late on August 24, 
recurvature began. Emmy had reached hurricane force on August 25 and was 
heading eastward, an unprecedented course for the time of year at this low 
latitude. The rapid development of an unseasonal low pressure system in 
the mid-Atlantic northeast of Emmy was responsible for the early recurvature. 

Emmy resumed a north to northwest course from August 26-28 encountering 
strong upper level westerlies and again turning to the east on August 29. 

The hurricane maintained an easterly direction for the next several days. 

On September 2, Emmy turned northward, crossing the central Azores. Weakening 
commenced as Hurricane Frances approached and Emmy was finally absorbed by 
the large circulation of Frances on September 4. 

The storm's highest intensity was reached on August 29 when a reconnais- 
sance aircraft reported a wind of 90 kt and a central pressure of 974 mb. 

Several ships were buffeted by the high seas and winds of Emmy, but 
there were no reports of significant damage. A Venezuelan Air Force plane 
carrying a school choir to Europe crashed while attempting to land at Lajes 
Air Force Base in the Azores while the storm was in progress and 68 people 
were killed. 
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DISTURBANCE: HURRICANE EMMY 


DATE: August 20 - September 4, 19 76 


Date 

Time 

Position 


iPi 

laal 

Stage 

Latitude 

Longitude 

(MB) 

8/22 


■M 

mm 


33 

Tropical Depression 


1 

m 

m 

1003 

50 

Tropical Storm 

8/23 


17.7N 

58. 6W 


50 

Tropical Storm 


0630Z 

18.6 

59.7 


55 



1230Z 

19.7 

61.0 


60 



1830Z 

20.3 

62.0 


60 


8/24 

M 

n 

62. 9W 


60 

Tropical Storm 


Ha 


63.2 


60 



1107Z 

23.5 

64.9 

999 

70 

Hurricane 


1830Z 

24.6 

64.7 


55 

Tropical Storm 

8/25 


25. 4N 

64. 5W 


45 

Tropical Storm 


0630Z 

26.3 

63.4 


45 



1230Z 

26.7 

62.0 


60 

Hurricane 


1830Z 

26.7 

60.0 


65 



2314Z 

26.8 

59.2 

.189 

65 


8/26 


26. 8N 

58. 8W 


65 

Hurricane 


0630Z 

26.8 

57.4 


65 



1230Z 

27.2 

55.7 


65 



1801Z 

11. 1 

54.9 

975 

75 


8/27 , 

0030Z 

28. 9N 

53. 6W 


65 

Hurricane 


0630Z 

29.9 

53.6 


77 



1230Z 

30.6 

53.5 





1830Z 

31.9 

54.1 




8/28 


32. 5N 

55. 2W 


■■ 

Hurricane 


06307. 

33.3 

56.0 






33.6 

57.0 

978 

70 


8/29 

M 

34. 7N 

57. 4W 

■■■ll 

■■ 

Hurricane 


Ha 

34.7 

57.3 





1230Z 

34.9 

56.6 





1830Z 

35.1 

55.7 


HI 
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Position 



Stage 

Hurricane 

Hurricane 
Tropical Storm 

Tropical Storm 
Tropical Storm 

Tropical Storm 
Tropical Storm 








































LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 


iHMm 

EQUATOR CROSSING 

TIME OF EQUATOR CROSSING 


HliHI 



ami'll] 

7076 

145.12 

030538 

0353Z 

033626 

035724 

802 

189 

7077 

119.80 

044725 

0532Z 

No 




7083 

-32.13 

145807 

1505Z 

No 




7084 

-57.47 

163954 

1644Z 

164247 

165108 

808 

196 
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HURRICANE EWY - i/21/16 (OOOOZ - 2400Z) 



^7l4_7; 


LOCATION 

Hurricane 

LATITUDE LONGITUDE 


EQUATOR CROSSING 


TIME OF EQUATOR CROSSING 


7147 

147. ZO 

033Z14 

7148 

1Z1.88 

051401 

7149 

96.56 

065548 

7154 

-30.05 

15Z443 

7155 

-55.37 

170630 


Z. 




































LOCATION 


Hurricane 























HURRICANE EMMY - 8/Z9/76 (OOOOZ - ?4002) 


LOCATION 
























HURRICANE EMHY - 8/30/76 (OOOOZ - ?400Z) 


LOCATION 

Hurricane 

latitude 


LONGITUDE 


EQUATOR CROSSING 


iTOR CROSSING 


143938 


16Z125 


No 











LOCATION 

Hjrr 1 cdnp 













HURRICANE EHMV - 9/1/76 (OOOOZ 


ORBIT 


7218 

149.28 

7219 

123.95 

7224 

-2.65 

7225 

-27.97 


2400Z 


34.9 





























































































SUBTROPICAL STORM #3 


September 13-17, 1976 


On September 12, the interaction between a midtropospheric low and a 
diffuse stationary front caused the formation of a surface low pressure 
system over central Florida. This low moved northward and developed into a 
subtropical storm late on September 13 as the center moved offshore just 
north of Jacksonville, FL. After only a short overwater trajectory the storm 
crossed the coast just below Charleston, SC on September 14. The system, now 
weakening overland, moved north-northeast through the mid-Atlantic states, 
finally dissipating over Virginia on September 17. 

A large high pressure system located over the mid-Atlantic states, 
north of the low, produced a strong pressure gradient which caused gale 
force winds off the Georgia and Carolina coasts during the passage of the 
storm. Charleston reported gusts to near SO kt in the downtown area shortly 
before the storm center reached the coast. Heavy rains accompanied the storm 
over eastern Georgia, South Carolina and southeastern North Carolina. Most 
reporting stations in those areas reported between 3 and 6 inches. Tides 
were 2-3 ft above normal along the Carolina coasts. Damage was mainly confined 
to minor beach erosion and local stream flooding. 
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SUBTROPICAL STORM i»3 - 9/13/76 (12002 - 24002) 


LOCATION 


LATITUDE 


LONGITUDE 


lUATOR CROSSING 


TIME OF EQUATOR CROSSING 


193806 


091222 


19482 

194123 

194806 

808 

109 

09532 

093947 

095922 

808 

111 
























SUBTROPICAL STORM #3 - 9/14/76 (OOOOZ - 2400Z) 


LOCATION 


TIME OF EQUATOR CROSSING 


lUATOR CROSSING 


LONGITUDE 


LATITUDE 


192752 


193414 


1938Z 


192304 


192420 


191255 


1920Z 


190802 


























HURRICANE FRANCES 


August 27 - September 7, 1976 


Frances followed an unusual track through the central Atlantic, similar 
to the path of Emmy, with which it coexisted for 6 days. 

A tropical wave crossed the African coast on August 24 and became a 
depression 3 days later as it moved westward in the trade wind belt. The 
first reconnaissance flight into the system found winds of 50 kt and a 
minimum pressure of 1002 mb on August 28, at which time the new storm was 
designated Frances. 

Early on August 28 Frances crossed about 1000 nm to the south of Hurricane 
Emmy, near longitude 53°W. Shortly thereafter the storm took a northwestward 
turn into the weakness in the Bermuda-Azores high left by Emmy. 

The storm became a hurricane on August 30 and reached its maximum 
intensity on September 1, when winds of 100 kt were measured by reconnais- 
sance aircraft along with a minimum pressure of 963 mb. 

Frances continued to follow in the trough left by Emmy, and turned 
toward the east during September 1. This hurricane recurved south of lati- 
tude 30°N which, except for Emmy's first eastward turn, was unprecedented for 
that time of year. At that time, the two hurricanes, together with a low 
near the Azores and a frontal trough to the northwest, produced an enormous 
area of negative surface pressure anomalies stretching from Europe westward 
through the Azores to Bermuda, and from the Virgin Islands to Newfoundland. 

As Frances turned toward the east and then northeast toward the Azores, 
it gradually weakened. Satellite pictures suggest that it had lost tropical 
characteristics by the morning of September 4. The extratropical stage of 
the storm passed through the eastern Azores on the next day. Then the 
remaining low pressure center made a counterclockwise loop to the north of 
the Azores. For several days after that, the residual weak circulation i-' 
the cloud pattern could be tracked as it moved southwestward, parallel to, 
and a short distance south of the earlier track of Frances. 

No reports of damage or casualties caused by Frances were received. 
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DISTURBANCE: HURRICANE FRANCES 



































HURRICME FRANCES - 8/28/76 (1800Z - 2400Z) 





LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 

14. 6N 45. 5W 


ORBIT 


ITOR CROSSING 


TIME OF EQUATOR CROSSING 


0405Z 


040032 


040939 


045900 


0543Z 


150942 


15162 


165129 


1E54Z 


152940 


170435 
































HURRICANE FRANCES - 8/29/76 (OOCOZ - 2400Z) 


LOCATION 

Hurricane 

LATITUDE LONGITUDE 


ITOR CROSSING 


iTOR CROSSING 


035516 


044358 


0529Z 


162545 


0706Z 


070251 


071247 


145440 


163627 


1641Z 


161511 


165010 











































HURRICANE FRANCES - 8/30/76 (OOOOZ - 2400Z) 


LOCATION 
Hufrf cane 

LATITUDE LONGITUDE 


lUATOR CROSSING 


TIME OF EQUATOR CROSSING 


042856 


061043 


0653Z 


162125 


1627Z 


180312 


180615 























HURRICANE FRANCES - 8/31/76 (OOOOZ - ?400Z) 





LOCATION 

Hurricane 

LATITUDE 


LONfilTUDE 


lUATOR CROSSING 


T I ME OF EQUATOR CROSSING 


0500Z 


044434 


050530 


055541 


0638Z 


1200Z 


160623 


1615Z 


174810 


2400Z 

































HURRICANE FRA'iCES - 1/1/76 (OOOOZ - 2400Z) 




LOCATION 

Huri'i':ane 

LATITUDE LONGITUDE 


lUATOR CROSSING 


TIME OF EQUATOR CROSSING 


075810 


080918 


155121 


173308 


173800 i 174011 






















hurricane FRANCES - 9/2/76 (OOOOZ - 2400Z) 


LOCATION 
Hurricane 
LATITUDE 
28. 5N 


TIME OF EQUATOR CROSSING 


lUATOR CROSSING 


LONGITUDE 


052537 


0608Z 


070724 


0756Z 


074356 


075409 


153619 


1546Z 





96 
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Lj 



Uj 
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HURRICANE GLORIA 


September 26 - October 4, 1976 


Gloria originated as a tropical wave which moved westward off of the 
African coast on September 18. This wave traveled toward the west-northwest 
at 10 kt, reaching a location approximately 400 nm northeast of the Leeward 
Islands of the Caribbean on September 26. While this was occurring, an 
upper- tropospheric cold low moved toward the southwest from a position in 
the central Atlantic midway between the Leeward Islands and the Azores. 

On September 23, the upper low came close enough to the wave so that 
the cloud features, which were not enhanced by the combining synoptic systems, 
started to show signs of becoming better organized. On September 26, the 
low-level circulation became sufficiently well defined to locate a tropical 
depression 400 nm northeast of the Leeward Islands. 

The depression moved northward to northwestward at less than 10 kt for 
a few days while gradually intensifying. It became Tropical Storm Gloria 
at 1200 GMT on September 27 and a hurricane at 0600 GMT two days later. 

At the time Gloria reached hurricane intensity, the storm was located 
about 300 nm southeast of Bermuda and heading in a northwesterly direction. 

This was the only time that there was a threat to any land area and this 
was not considered to be a serious problem as the storm was forecast to 
turn back to the north and then northeast before coming very close to Bermuda. 

During this time a series of short-wave troughs in the westerlies were 
moving across the Canadian Maritime Provinces and out over the North Atlantic. 

So as Gloria moved farther north, it became increasingly more likely that it 
would recurve toward the northeast. This finally occurred early on September 30 
and the hurricane moved eastward to northeastward for the next several days 
while gradually weakening. 

Maximum winds decreased to tropical storm strength on October 2 while 
Gloria was centered about 600 nm south of Cape Race, Newfoundland. Two days 
later, Gloria weakened to a depression and became extratropical on October 5 
just north of the Azores. 

No damage or deaths are known to have been caused by Gloria. Maximum 
sustained surface winds are estimated to have been 90 kt and the minimum sea 
level pressure was 970 mb. These figures are based on aircraft reconnaissance 
and satellite imagery. 
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DISTURBANCE: 

DATE: 


HURRICANE GLORIA 

September 26 - October 4. 1976 


Date 

Time 

Position 


IHHI 

IKSI 

Stage 

Latitude 

Longitude 

(MB) 



■ 

■ 

■ 

35 

35 

Tropical Storm 

9/28 

1 

27.1N 

27.6 

27.8 

28.3 

57. 9W 

58.0 
58.5 

59.0 


45 

45 

45 

45 

Tropical Storm 

9/29 

0030Z 

0630Z 

I330Z 

1830Z 

28. 8N 

29.2 
29.6 

30.3 

59. 2W 
59.7 
60.1 
60.2 

980 

45 

45 

65 

77 

Tropical Storm 
Hurricane 

9/30 

g 

31. IN 
32.2 

33.0 

34.1 

59. 9W 

59.7 

58.8 
57.2 

980 

77 

84 

90 

90 

Hurricane 

10/1 

0030Z 

0630Z 

1230Z 

1830Z 


56. OW 
54.7 
53.6 
52.5 


90 

83 

77 

60 

Hurricane 
Tropical Storm 

10/2 

0030Z 

0630Z 

1230Z 

1830Z 


51. 5W 
50.5 
49.8 
49.0 


60 

60 

60 

55 

Tropical Storm 

10/3 

0030Z 

0630Z 

1230Z 

1830Z 

36. 7N 

35.8 

35.9 
36.1 

47. 7W 
46.7 
46.0 
46.6 


55 

55 

55 

45 

Tropical Storm 
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LOCATION 

Hurricane 






























hurricane gloria - 9/30/76 (OOOOZ - 2400Z) 


LOCATION 

Hurricane 

LATITUDE LONGITUDE 


TIME OF EQUATOR CROSSING 


ITOR CROSSING 


091 8Z 


104608 


1056Z 


101712 


190857 


190131 


1859Z 


184607 


202754 




























HURRICANE GLORIA - 10/1/76 (OOOOZ - E400Z) 



111 ; 




LOCATION 

tiurricane 

LATITUDE LONGITUDE 


082023 


0903Z 

1041Z 


091015 


100210 


183105 


184528 


185431 


201252 


2022Z 


201926 


202719 
























HURRICANE GLORIA - 10/?/76 (00002 - 24002) 


ORBIT 


ITOR CROSSING 


080521 


084827 


094708 


181604 


18302 


183246 


183925 


195750 


20082 


200506 


201535 





































HURRICANE GLORIA - 10/3/76 (OOOOZ - ZAOOZ) 


LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 


lUATOR CROSSING 


1011Z 


114139 


1Z0047 


I816Z 


181709 


182435 


195659 


200444 


best track estimate 


7674 

122.04 

093206 

7675 

96.72 

111353 

7679 

-4.57 

180102 

7680 

-29.89 

194248 


« |J_ 1 

B • 

!. iS— ? -J 

, ; . i ; i i ! 







■ti* ' ■ 




1 1 

1 r 



. 

. ar-'T-i-f ; ; 
































T»tt Of EQUATOR CROSSING 


lUATOB CROSSING 


1134Z 


112719 


114443 


hurricane GLORIA - 10/4/76 (OOOOZ) 

1 4«aa 


LOCATION 

Tropiral Dpce^sion 

LATITUDE LONGITUDE 


7688 

127.52 

7689 

102.20 

7693 

0.91 

7694 

-24.40 


1704 


105R51 


174559 


192746 


18012 


1938Z 


180314 181025 802 108 


best track estiri^te 

































HURRICANE HOLLY 


October 22-28, 1976 


A relatively weak wave moved off the coast of Africa into the Atlantic 
on October 14. Six days later, satellite pictures revealed that the cloudi- 
ness associated with this wave had become rather concentrated ac a location 
700 nm east of the Leeward Islands. Organization continued and late on 
October 22 the system reached depression stage. Now moving northwestward, 
the depression intensified to storm strength on October 23 and to a minimal 
hurricane on the following day near latitude 25°N, longitude 58°W. This 
intensity was maintained for only 24 hours, after which it dropped back to 
tropical storm status. This status continued until the storm lost its 
identity as it merged with a strong cold front over the North Atlantic on 
October 28. 

Upper air conditions were not considered particularly favorable for 
tropical development when the system first reached the depression stage on 
October 22. At 200 mb the flow was generally cyclonic over the developing 
storm as an upper low was located just to the north of the depression. By 
the time Holly became a hurricane, however, the upper low had opened into a 
trough lying from 5° to the west of the hurricane's position. This configura- 
tion resulted in anti cyclonic flow over the storm at 200 mb. 

As the hurricane moved northeastward, the higher latitude portion of 
the upper trough moved eastward rapidly enough to overtake the storm. This 
interaction resulted in weakening of the storm and some loss of tropical 
structure even before it merged with the cold front. 

Holly's lowest pressure was 990 mb on October 24, and the highest wind 
reported by reconnaissance aircraft was 65 kt on the same day. 
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DISTURBANCE: HURRICANE HOLLY 

DATE: October 22-28. 1976 


Date Time 


Position 


Pressure 

(MB) 
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HURRICANE HOLLr - 10/24/76 (OOOOZ - 2400Z) 


UATOR CROSSING I TIME OF EOUATOR CROSSING 




7973 

110.52 

124519 

1327Z 

131458 

7979 

-41.41 

225601 

2304Z 

No 


iroiianiTiriMl 


























IIIMiMlML'W 


hurricane holly - 10/25/76 (OOOOZ - 2400Z) 


LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 


lUATOR CROSSING 


TIME OF EQUATOR CRDSSING 


003749 


0042Z 


7986 

141.31 

104831 

1133Z 

113138 

1 1 3930 

802 

104 

7987 

115.99 

123018 

1311Z 

No 




7992 

-10.61 

205913 

2114Z 

No 




7993 

-35.94 

224100 

2251Z 

224751 

230207 

808 

113 


























































































































HURRICANE HOLLY - 10/29/76 (OOOOZ) 


LOCATION 

Tropical Depression 

LATITUDE LONGITUDE 


TIME OF EQUATOR CROSSING 


lUATOR CROSSING 


12072 


195905 


201 5Z 


201953 


203504 


214052 


2153Z 


220427 


* best track estimate 

































3.0 EASTERN PACIFIC/U. S. WEST COAST AREAS 

3.1 GENERAL 



* 






{• 

All of the data presented in this section on the tropical 
cyclones occurring in the eastern Pacific were extracted from 
the Monthly Weather Review article by E. B. Gunther. During the 
1976 season, there were 18 tropical cyclones that occurred in 
this area as listed below: 


*Tropical Cyclone One 
*Hurricane Annette 
♦Hurricane Bonnie 
♦Tropical Cyclone Four 
Tropical Storm Celeste 
Hurricane Diana 
Tropical Storm Estelle 
Tropical Storm Fernanda 
Tropical Storm Gwen 
♦Hurricane Hyacinth 
Tropical Cyclone Eleven 
Tropical Cyclone Twelve 
♦Hurricane Iva 
♦Tropical Storm Joanne 
♦Hurricane Kathleen 
♦Hurricane Liza 
♦Hurricane Madeline 
Tropical Storm Naomi 


(06/02/76 - 06/03/76) 
(06/03/76 - 06/14/76) 
(06/25/76 - 06/29/76) 
06/28/76 - 06/30/76) 
06/14/76 - 07/19/76) 
(07/15/76 - 07/22/76) 
(07/26/76 - 07/29/76) 
(07/27/76 - 07/30/76) 
(08/05/76 - 08/14/76) 
(08/06/76 - 08/14/76) 
(08/07/76 - 08/08/76) 
(08/16/76 - 08/19/76) 
(08/24/76 - 09/02/76) 
(08/29/76 - 09/08/76) 
(09/07/76 - 09/10/76) 
(09/25/76 - 10/01/76) 
(09/29/76 - 10/08/76) 
(10/25/76 - 10/29/76) 


Results of the comparison of the cyclone information and the 
GEOS-3 schedule information indicates that 10 cyclones may have 
associated GEOS altimeter data. These cyclones are marked by an ♦ 
in the above tabulation. Information as available for these tropical 
cyclones along with any promising GEOS ground track maps are presented 
in the following sections. 
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3.2 


TROPICAL CYCLONE ONE 
June 2-3, 1976 


The first cyclone of the 1976 season began 1200 GMT June 1 as a disturbed 
area near 11°N, 112‘*W. Moving slowly northwest, the disturbance was upgraded 
to a tropical depression at 1800 GMT June 2 near 12“N, 113°W. Sustained winds 
near the center were estimated at 30 kt with gusts to 40 kt. By 0000 GMT 
June 3 the depression had moved to near 13“N, 113°W and winds near the center 
had decreased to 25 kt with gusts to 35 kt. Turning west, the depression 
weakened rapidly. The last advisory issued on the cyclone was at 0600 GMT 
June 3 with the center near 13°N, llO^W. 
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TROPICAL CYCLONE ONE - 6/2/76 (1800Z) 



LOCATION 

Tropical Depression 

LATITUDE LONGITUDE 


ORBIT 

5934 


lUATOR CROSSING 
-96.04 


TIME OF EQUATOR CROSSING 
094827 


095 7Z 


095723 


100158 


V’' 

• t f. 1 

T 

t . i 

i 

* r ♦ 

^ ii 















3.3 


HURRICANE ANNETTE 
June 3-14, 1976 


at 1 tropical cyclone of the season began as a tropical disturbance 
at 1800 G(^ June .. near 11 N,95 W. Six hours later the disturbance was upgraded 

Jnntaf irN.95°W with 25 kt winds. Satellite imagery 

indicated little change over the next 72 hours with a loosely defined cyclonic 

nlnn becoming better organized during the daylight hours. By 

0600 GMT June 6 the winds increased to 40 kt near the center and the depression 
was upgraded to Tropical Storm Annette near 12°N, 96»W. Moving west at^ kt 
Annette was upgraded to hurricane status at 0600 GMT June 7 about 350 n mi 

increased to 65 kt near the center with 

cenfpr^hv^ipnSVM?^^® ’ 7 ® Indicated an eye beginning to form near the 

center by 1200 GMT June 7. Moving west-northwest at 8 kt over 88 °F water 

intensify. On June 9 U. S. Air Force reconnaissance’ 
aircraft flew into Annette locating the center at lA.G^N, 105. 0°W at 1707 
Surface winds were estimated at 90 kt and minimum surface pressure computed 
at 925 mb. The aircraft also reported a well-defined eye with a closed wall 

14o''k^^J? |"i^®"sity with 120 kt winds and gusts to 

af^out 300 n mi southwest of 

Manzanillo, Mexico. Annette continued to move westward for another 12 hours 
then turned northwpt toward colder (78°F) water. Annette's eye was no longer 
satellite pictures after 0600 GMT June 11 as the hurricane, under 
the influence of an upper level trough, moved northward over colder water. 

Annette was downgraded to a tropical storm with 60 kt winds at 1200 GMT on 

'»“U Weakening rapidly, the storm was downgraded to a 
tropi.,al depression with 25 kt winds at 1800 GMT June 13 near 19°N, 113°W. 

Two more advisories were issued on the depression before convective activity 
near the center dissipated by 0600 GMT June 14 near 21°N, 115°W. 































































HURRICANE ANNETTE - 6/4/76 (OOOOZ - 1200Z) 
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uaniodo i_^6 * «d»B »_u «o *• w m 10 «» n rt m « m n «• m le m im m iw m 1 


LOCATION 

Tropical Depression 

UTITUDE LONGITUDE 


UATOR CROSSING I TIME OF EQUATOR CROSSING 


-59.76 073636 


97.66 211051 


iiriTiianiMimi 


TE PCA 1 ON I OFF 


0922Z 091004 092354 802 142 


214654 215744 808 146 
























HURRICANE ANNETTE - 6/8/76 (OOOOZ - 1200Z) 


LOCATION 

Hurricane 

LATITUDE LONGITUDE 


TIME OF EQUATOR CROSSING 
114211 


lUATOR CROSSING 
-113.89 


114423 


224 1Z 


224311 


» N 

r- 

? - ' 

tn tM 

ri 
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3.4 


HURRICANE SONNY 


June 25-29, 1976 


Bonny began as a tropical disturbance over 86°F water near 12°N, 100°W 
at 0600 GMT June 22, Moving northwest, the disturbance was upgraded to a 
tropical depression with 30 kt winds near 16®N, 103“W, about 200 n mi west of 
Acapulco, Mexico, at 1800 GMT June 25. Turning west and moving at 7 kt, the 
depression was upgraded to tropical storm status at 1200 GMT June 26 near 16°N, 
105°W. Winds near the center were estimated at 45 kt with gale winds extending 
out 75 n mi from the center. By 0000 GMT June 27 winds had increased to 55 kt 
and gale winds extended to 90 n mi from the center which was then near 16°N, 
106°W. Moving west at 10 to 12 kt. Bonny was upgraded to hurricane status at 
1200 GMT June 27 near 17“N, 109°W or 135 n mi southeast of Socorro Island. 

Winds had increased to 65 kt with gusts to 75 kt near the center and gale 
winds extended out 100 n mi from the center. At 1939 GMT June 27 a NOAA 
reconnaissance aircraft flew through Bonny locating the center at 17.2°N, 
110.7°W or 90 n mi south of Socorro Island. The surface wind was estimated 
at 63 kt and pressure computed at 987.4 mb. Continuing west at 10-12 kt. 

Bonny began to move over colder (76°F) water and weaken. At 0000 GMT June 28 
Bonny was downgraded to a tropical storm near 17°N, 112°W. Moving a little 
faster to the west, the storm was downgraded to a tropical depression with 
30 kt winds near 18°N, n5°W at 1200 GMT June 29. The final advisory on the 
depression was issued «t 1800 GMT June 29 with the center near 16“N, 117°W. 
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t ♦ 


DISTURBANCE: HURRICA NE BONNY 

DATE: June 25-29. 1976 


Date 

Time 

Position 

Pressure 

(MB) 

Wind 

(KTS) 

Scage 

Latitude 

Longitude 

6/25 

1800Z 

16. ON 

103. OW 

■ 

30 

Tropical Depression 

6/26 



103. OW 






■ 

105.1 


45 

Tropical Storm 

bin 


■SI 

106. 5W 


55 




mgm 



6G 

Hurricane 


1939Z 

17.2 

110.7 

987.4 

63 


£/28 



n 



Tropical Storm 



m 

H 


30 

Tropical Depression 

6/29 


WM 

■H 



Tropical Depression 



■Mi 

msgm 





H 

16.2 

117.2 
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3.5 


TROPICAL CYCLONE FOUR 


June 28-30, 1976 


The fourth tropical cyclone of the season began as a large area of 
thunderstorm activity 300 n mi in diameter in the Gulf of Tehuantepec at 
1200 GMT June 28. By 1800 the area began to show definite cyclonic circu- 
lation and was classified as a tropical depression noa*" 13®N, 96°W. By 
0000 GMT June 29 the center, with 30 kt winds, haJ noved o near 14“N, 95°W. 
Moving north at 6 kt, the depression moved onshore near Sdlina Cruz, Mexico, 
at 0000 GMT June 30. 


Of POOR 




DISTURBANCE: TR OPICAL CYCLONE 4 

DATE: June 28-30. 1976 


Date 

Time 

Posit 

Latitude 

ion 

Longitude 

Pressure 

(MB) 

Mind 

(KTS) 

Stage 

6/28 

1200Z 

1800Z 

13. ON 
13.0 

96. OW 
96.0 



Tropical Depression 

6/29 


m 

95. 3W 
95.6 


30 

Tropical Depression 

6/30 

ooooz 

16. ON 

■ 

■ 


Tropical Depression 
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TROPICAL CYCLONE FOUR - 6/28/76 (1200Z) 




LOCATION 

Tropical Depression 

LATITUDE LONGITUDE 


iTOR CROSSING 


ITOR CROSSING 


6318 


131342 


1317Z 


131632 


133214 
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HURRICANE HYACINTH 
August 6-14, 1976 


Hyacinth began as a disturbed area near 9°N 97‘’W at iRnn pmt a.... * c 
Moving west-northwest at ll tt ococ * .7 August 5. 

K'06“fG;;T"A5gSll’5'l'?h“r:r‘ “""^«”a«Hol5 S" 

Hyacinth .ith the cen?e? Jelr If'"';??-?" 

the center had increased tr. « ut ’ ‘ 1?°° ® w’"ds near 

to 70 kt by 1200 GMT on August 9 and the^ctn^'" center of Hyacinth increased 
near 15“N. 110°W. By 1800 ^GMT Lqust^S Hva?inth^^i?h^oc®?*^°-^I^^ intensity 

" p"- 

Angust 9 ^^poSld 35 r^lnS^'r- I? " "* =“““ “f Nyadnth at ITOlm 
west-northwe?f fi ^ continuous heavy rain. Moving 

The Mavztme .luatioJ iS n m tn^tho ’^°N. 111°W. 

with 30 kt westerly winds Tho^h southwest, reported violent rain showers 

August 10 with wi'nds nea^thl^LJr''’-^"® 112°W by 0600 GMT 

deSelwS only S hL^readfe? wa7 nn"Tf “• "“P 

?lS"w”u?nTb'eJa°; t'^d'™ 'o"HracVnlh !,ad”"n«>vfd'lo ‘n«Mf"N^ 

!SIc1n?rhad TO«d\rSe]ri7”N^™17“S'„ur85'^rrwinS ' 

w?;h'';hTc™t™'ne:ri^"r‘Si’arjhlr??ie’ ‘Si'5 ‘j srmo'GSr'tg'st'f?. 

's;"c'?^i^ trse^:fs"t^^rsya‘? jh''a"rfioS"^”“''' 

“st^'arrai ill j »;« « ™6o“^Srts3sr?i ‘“TSe‘x’5={„?j7a:;a. 

30 kt winds near 20”N 137°u jt'^oonn f! ‘ ‘™P'pp' depression with 

depression ha^Ioved to nea? ?39^ TtVJ.' , S““ 5!" 

t'^a=^ad;?L^,‘s:l3^yX^'i£Vli:•- 

:r;f^wIfSa?r1^^r?hV^e:^^a^‘^a^5?;c‘'^ r 

carrying with irfhe“l«'«?Jf'^SS:Jlc^n"r:;a“fntS“''’' ^ 
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DISTURBANCE: H URRICANE HYACINTH 

DATE: August 6-14, 1976 























































HURRICANE HYACINTH - 8/8/76 (OOOOZ - 1200Z) 


TIME OF EQUATOR CROSSING 
045417 


lUATOR CROSSING 


052907 


0541Z 


00002 


4 






HURRICANE IVA 

August 24 - September 2, 1976 


Acapulco, Mexico, at 1 800*^6^^^0905^23 southeast of 
with warmer (85°F) water to the north over 93°F water 
fS,'; dfst.rba„ce intensified 

thunderstorm activity 300 n mi in disturbance as an area of intensp 

circulation appeared about the centeron^ratp?H-°°J-^”^/“®“^^ cyclonic 
disturbance was upgraded to a trooiral Hon I’-® time-lapse loops and the 
increased to 35 kt by ISOO gSt aSJus? 25 «<"l“ 

Storm Iva near I3"»ri04”u abnS? “P9i-aded and 

warm 'f^^t-northwest and moving at 10 kt Iva mnf” "'a ^°'^thwest of Acapulco 
warm, moist air northward from the Intort*>nnln^i^r"^’"‘^®‘^ intensify, drawina 
the south. By 1600 GMT August 26 NOAA S^inh ^ Convergence Zone 400 n mi to ^ 
showed Iva with a small eye approximaJeL satellite imagery 

center increased to 65 kt by 1800 fmt Ann +■ diameter. Winds near the 

hurn'cane status near 15°N, 108°W about 3 on^ 26 and the storm was upgraded to 
Mexico. Continuing west-northl?; ? southwest of Manzanilir 

at 0000 GMT August 28 Winds nLJ’tJ''" south .f Srro Island 

Socorro Island were easterly 55 kt and wiids on 

eye had increased to 25 n mi in dfimoSo ° ''“^ust 28, the hurricane's 

to 115 kt. Socorro Island? 85 n m^o th^f center ha5 ?nc?eased 

nn^'^irin wi nds On Socorro Island southeasterly 45 kt 

now 140 n mi to the west. As I vrrLit' ^ decreased to 25 kt with Iva 

began to move over cooler (80°F) water and*^s?nu/i '^®^^‘"°'‘thwesterly track, it 
the eye was no longer visible on weaken. By 0900 GMT August 29 

as the hurricane moved west'no??hwes? 9 continued to decrease 

stratus and stratocumulus clSs L mo fSr extensive field of loT 
76 F water and winds near the center had h ^ ^I'Oust 30 Iva was moving over 
was downgraded to a tropicarsto?f near hurricane 

continued to weaken rapidly as it moved nnrth ^ August 30. It 

and over still colder (70-74°F) wate^^ n field of low clouds 

tropical depression near%T^?fiL^®^^^'"'’®'' ’’ was 

2 With the de^^e^ssio^S d^^ss^p^^^;"^;aJ?^^r2,;- 
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TIME 

nnnn? 


LOCATION 

Hurricane 

LATITUDE LONGITUDE 

19. ON 115. 2W 


orbiY 

EQUATOR CROSSING 

TIME OF EQUATOR CROSSING 

APPROXIMATE PCA 

ON 

OFF 

7185 

-95.06 

200001 

2009Z 

200600 

201351 




808 


174 
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TROPICAL STORM JOANNE 
August 28 - September 8, 1976 


tropical cyclone of the season began as a disturbance at 
150 n mi west of the Columbian Coast, 
within a large area of convective thunderstorm 
diameter, moved northwest at 15-18 kt to near 8°N, 84<’N 
about 45 n mi west of the De Osa peninsula on the Costa Rican coast by 1200 GMT 
August 27. Turning west-southwest and moving at 18 kt away from the coast 
the center of the disturbance moved to near 6°N, 87'>W by O&O GMT August 28. 

Auau?r?Q*^«t'^irr slowing to 12-14 kt, began to intensify. By 0000 GMT 
of^thl satellite pictures indicated a definite circulation about the center 
of the disturbance and it was upgraded to a tropical depression with 25 kt 
winds near 8<>N, 92°W. Turning west-northwest and moving at 11 k? over 81°F 

°°°° 30 with the center near 

D depression then turned west at 10 kt and began to weaken 

By 1800 GMT August 30 satellite imagery indicated that the circulation had 
ceased about the center and the uepression was downgraded to a tropical distur- 
bance again near 10°N, 99°W. The disturbance then moved rapidly wes?-norJhies^ 
fh appeared to be dissipating into an area of widely scattered 

bM I August 31 the thunderstorm activity increased again and coalesced into a 
solid area 300 n mi in diameter. Mitiiin IZ hours sitellite imagirrindicaud a 
cyclonic circulation about the center of the activity and the disturbance was 
upgraded to a tropical depression again at 0000 GMT September 1 near H°N 107°W 
Turning west-southwest, the depression moved to near 10°N, 110°W by 1800 GMT^ 

b5 120o'"gmt ^«9an to intensify, 

y 00 GMT September 3 winds near the center had increased to 40 kt and the 

depression was upgraded and became Tropical Storm Joanne near 14°N 114°W it 

September 4 [hen turned “est“ 

outhwest and began to weaken slowly. Low clouds pushing down from the north 
continued to weaken the storm to the extent that it was downgraded to a jr^SLi 
depression with 30 kt winds near 14°N. 117“W by 0000 GMT September 5. Turnino 

weaken, the depression moved near 12°N, 124®W where the 
final advisory was issued at 0600 GMT September 8. 
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HURRICANE KATHLEEN 
September 7-10, 1976 


Kathleen, the fifteenth tropical cyclone of the season, began as a 
disturbance 300 n mi southwest of Acapulco, Mexico, at 0000 GMT September 6 . 

The disturbance, centered near 13°N, 103°W within an area of intense thunder- 
storm activity 600 n mi in diameter, began to move rapidly west-northwest. 

By 0600 GMT September 7 the disturbance had moved to near 15°N, 109°W, about 
360 n mi southwest of Manzanillo and, with 25 kt winds near the center was 
upgraded to a tropical depression. By 1800 GMT the depression had movpu only 
12 n mi south of its 0600 GMl position. Winds near tlic center increased to 
35 kt by 0000 GMT September 8 and the depression was upgraded and named Tropical 
Storm Kathleen near 15“N, 105°W, about 360 n mi southwest of Manzanillo. Moving 
northwest over 83°F water, Kathleen intensified rapidly with winds reaching 
55 kt by 0600 GMT September 8 with the center near IS^N, 110°W about 180 n mi 
south-southeast of Socorro Island. Winds on the Island increased steadily as 
Kathleen approached from the south reaching 50 kt from the southeast by 0000 GMT 
September 9. The storm passed 60 n mi to the west of the Island at 0300 GMT 
and by 0600 GMT winds on Socorro, still from the southeast, had decreased to 
35 kt. Kathleen was then 60 n mi northwest of the Island. Turning north-north- 
west, the storm passed over the western edge of an area of very warm (87°F) 
water off the southern tip of Baja California. Drawing additional energy from 
the warm water on its eastern side, Kathleen began to intensify and accelerate 
rapidly northward. By 1800 GMT the center had moved to near 23°N, 113°W, about 
180 n mi west of the tip of Baja California. The Cc>ion .'t , 80 n mi north- 
northeast of the center, reported easterly 35 kt winds and intermittent heavy 

rain. The Anci-. Ld.idcj\ 160 n mi east of the storm and near the tip of Baia 

reported southeasterly 45 kt winds. Turning to the north and moving at a 
fairly rapid 20 kt, Kathleen was upgraded to a hurricane with 70 kt winds near 
the center at 0000 GMT September 10 near 25“N, 114"W. The ’ ^ >: 40 n mi 

to the east, reported southeast 40 kt winds and the :••• 130 n mi 

east-southeast of Kathleen, reported southerly 40 kt winds. At 0046 GMT 
September 10 U. S. Air Force reconnaissance aircraft located the center of 
Kathleen at 25.3°N, 114. 8°W. Surface winds were estii;iated at 80 kt and the 

pressure at 986 mb. A second flight through the hurricane at 0145 GMT 

September 10 estimated the surface winds at 55 kt and pressure at 990 mb. 

Kathleen was downgraded to a tropical storm with 55 kt winds at 0600 GMT 
September 10 near 27°N, 114°W after a brief existence as a hurricane. Accel- 
erating rapidly northward at 30-33 kt, Kathleen crossed the western tip of 
the Point Eugenia peninsula on the west coast of Baja California between 0700 
and 0800 GMT September 10. It moved onshore 140 n mi south of Ensenada, Mexico, 
at 1130 GMT September 10. Kathleen then continued northward over the Sierra 
San Pedro and Juarez mountains entering southern California near Calexico at 
1800. Racing across the southern California desert, Kathleen began to weaken. 

The storm moved northward through Death Valley and into western Nevada 140 n mi 
southeast of Reno by 0600 GMT September 11. Although the center of the storm 
was difficult to locate after 0600, gusty winds and rain contin"ed to spread 
northward into eastern Oregon, Idaho, Montana, Utah and Wyoming. 
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Normally, tropical cyclones weaken rapidly as they move inland. Kathleen 
did not. While south of Socorro Island the storm had a classic cyclonic 
configuration roughly 600 n mi in diameter. It never developed an that 
could be identified on available satellite imagery. As the storm passed west 
of Socorro Island it picked up considerable energy from the warm waters off 
the tip of Baja California and carried it rapidly northward in an elongated 
cloud mass extending 700-800 n mi north into southern California and Arizona. 

The configuration of the cloud mass, which was 300-400 n mi wide, was determined, 
at least partially, by the circulation of a low-pressure system lingering off 
the southern California coast. That circulation was also instrumental in 
developing the heavy rains and accelerating the storm northward in a whip-like 
Fujiwhara fashion (Fujiwhara, 1931). As Kathleen moved north through Death 
Valley and into w'^stern Nevada, the low off the southern California coast was 
pulled inland bringing additional rain to central California and weakening 
Kathleen. 





























HJRRICANE KATHLEEN - 9/7/76 (1200Z) 



LOCATION 


Tropical Depression 


TIME LATITUOE LONGITUDE 


EQUATOR CROSSING 

TIME OF EQUATOR CROSSING 



OFF 

CM3 

oniiim 

12002 14. 5N 109. 5W 

7313 

-96.39 

210818 

21152 

211530 

212136 

808 

123 
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HURRICANE LIZA 

September 25 - October 1, 1975 


brought death and destruction to the city 
as an California peninsula, began September 25 

thunderstorm activity 400 n mi diameter centered 
near 12 N, 106 W. By 1800 GMT September 25 satellite pictures indicated 
a cyclonic circulation near the center of the disturbance and it was 
^ tropical depression with 25 kt winds near 13°N, 107°w! 
ds increased to 35 kt by 1800 GMT September 26 and the depression 
was upgraded and became Tropical Storm Liza near 14°N, 108°W about 
south of La Paz. Turning north and moving at 5 kt over warm 
(85 F) water, Liza began to intensify. By 1800 GMT September 27 

St SeStlmbe?’S T' AiJ^'p’ 16»N, 108°W. At 1730 

centS near ?8 QoS' aircraft located the 

center near 18.0 N, 108.0 W,or 400 n mi south of La Paz. Surface windc 

were estimated at 40 kt and sea level pressure at 971 mb AUhn T 
not d scernible on satellite imagery, Liza had developed a ?5 n m? 
diameter closed wall eye. Movina north at R kt tho • 

at‘ MsT' 25'fO"Pated thel„“f«rp?e"sLrS*Jhl c“nter’“"' 

satellite imagery rhld'becomfeilijtiw^ ^1thShe^malJr^Ixis°14Tmr"‘^ 

east northeast’of Liza and "rn m XTm 

F S r° vi 

of La Pa. k . about 280 n mi south 

coast, reported sourheasterly'"45^kt^?LS!nd“2rfrLas^ ^At"l500°th 
Ship no n mi south-southeast of the hurricLe VeSor ed a 

sudden drop in cea surface temperature from 88° to 80°F. 

9athaSn1ldd"?[l™a1e\eVV°'??rSa'“^r"(S-7)'^» 

side. At ,795 GMT SepteZr 3Tth':X7S?c‘^,2 


3.10-1 


flight through the center of the hurricane locating the center at 22.1°N, 
109.3°W about 140 n mi south of La Paz. Surface winds were estimated at 
125 kt and pressure at 939 mb. The diameter of the eye had increased to 
20 n mi with a 2 n mi thick closed wall. By 0000 GMT October 1 Liza was 
50 n mi east-southeast of La Paz near 24°N, 109°W. At 0200 GMT October 1 
Liza, with 115 kt winds and gusts to 130 kt, passed 45 n mi to the east of 
La Paz. An estimated 5-6 inches of rain fell over the southern end of the 
Baja peninsula resulting in considerable damage and several hundred deaths. 
Moving rapidly northward over the southern end of the Gulf of California, 
Liza moved onshore with 100 kt winds on the west coast of Mexico 45 n mi 
north of Los Mochis at 1300 GMT October 1. Weakening rapidly, the storm 
accelerated across northern Mexico at 25 to 30 kt. 
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HURRICANE MADELINE 


September 29 - October 8, 1976 


Madeline began as a disturbance at 0000 GMT September 27 near 9°N, 91°W, 
about 300 n mi south of the Guatemalan coast and 700 n mi southeast of 
Acapulco, Mexico. At 2100 GMT September 28 the Seatiger, 70 n mi south of 
the disturbance, reported south-southwesterly 40 kt winds and continuous 
heavy rain. With satellite pictures indicating a cyclonic circulation about 
the center, the disturbance was upgraded and named Tropical Storm Madeline 
with 35 kt winds near the center near 10°N, 90°W at 0000 GMT September 29. 

By 1200 satellite imagery showed considerable weakening of the storm and 
Madeline was downgraded to a tropical depression with 30 kt winds near 10°N, 

91°W. By 1800 GMT September 30 winds had diminished to 25 kt and with circu- 
lation no longer evident about the center, the depression was downgraded to a 
tropical disturbance near 11°N, 92°W, about 500 n mi southeast of Acapulco. 

The disturbance then turned west and, moving at 4 kt, began to slowly regen- 
erate. By 1800 it had moved to near 12°N, 95°W. Satellite imagery indicated 
a cyclonic circulation about the center by 0000 GMT October 3 and the distur- 
bance was upgraded to a tropical depression with 30 kt winds near 12°N, 95°W, 
about 400 n mi southwest of Acapulco. Turning southwest, the depression moved 
to near 10°N, 97®W by 1800 GMT October 4 remaining nearly stationary for the 
next 18 hours. By 0000 GMT October 5 winds near the center had increased to 
35 kt and the depression was upgraded again to Tropical Storm Madeline near 
10°N, 97°W, about 400 n mi south-southeast of Acapulco. Madeline turned 
north-northwest after 1200 GMT October 5 and, with warmer (85°F) water on its 
northeast side, began to intensify rapidly. By 0000 GMT October 6 the storm 
had moved to near 12°N, 98°W and winds had increased to 55 kt. The storm was 
upgraded to hurricane status with 70 kt winds near 13°N, 100°W, about 220 n mi 
south of Acapulco at 1800 GMT October 6. At 1815 GMT October 6 Air Force 
reconnaissance aircraft located the center of Madeline at 13.1°N, 100. 4°W with 
winds estimated at 65 kt and surface pressure at 984 mb. Madeline's eye, first 
visible on satellite pictures at 1615, was reported as well-defined with a 
30 n mi diameter. By 0000 GMT October 7 Madeline, with 70 kt winds, had moved 
to near 14°N, 101°W, about 200 n mi south-southwest of Acapulco. At 1117 GMT 
October 7 Air Force reconnaissance aircraft again located the center of Madeline 
at 14.9°N, 102. 0°W, about 170 n mi southwest of Acapulco and 160 n mi south of 
Zihuatanejo. Surface winds were estimated at 75 kt and the eye had increased 
to i'O n mi in diameter. Moving north over 82°F water with warmer (85°F) water 
along its eastern side, Madeline continued to intensify. By 1800 winds had 
increased to 110 kt with the center near 15°N, 102°W. The /Vc;rs(? Viking, 

100 n mi northeast of the center and 30 n mi off the coast, reported easterly 
60 kt winds and continuous heavy rain. The Kc-uaJoHan Recfcn, 70 n mi east- 
northeast of the hurricane, reported southeasterly 55 kt winds and intermittent 
heavy rain. By 0000 GMT October 8, Madeline, with 115 kt winds, had moved to 
near 16°N, 102°W, about 140 n mi west of Acapulco and 100 n mi south of 
Zihuatanejo. The Chevron Cenca , 140 n mi to the east, reported east-southeasterly 
wind and continuous heavy rain. At 0300 GMT October 8 Air Force reconnaissance 
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aircraft located the center of Madeline near 16°N, lOZ^W with winds estimated 
at 120 kt and surface pressure at 941 mb. A second penetration by the aircraft 
at 0209 reported a pressure of 940 mb and eye diameter of 30 n mi. Winds 
increased to 125 kt with gusts to 140 kt by 0600 GMT October 6 with the center 
near 17°N, 102°W, about 70 n mi west of Acapulco and 50 n mi southwest of 
Zihuatanejo. The Austral Lightning, 50 n mi to the northwest, reported 
northerly 100 kt winds and continuous heavy rain. The Finn Leon Hardt, 120 n mi 
to the east, reported southeasterly 40 kt winds. By 0900 GMT the Austral 
Lightning was 60 n mi south-southwest of the hurricane. The ship continued to 
report continuous heavy rain with the wind having shifted to southwest 75 kt. 
Madeline moved onshore 45 n mi northwest of Zihuatanejo at 1100 GMT October 8 
and weakened rapidly after moving inland. 
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DISTURBANCE: 

UAIL: 


Date 


Time 


Position 


Latitude 


Longitude 


Pressure 

(MB) 


Wind 

(KTS) 


Stage 


9/29 


9/30 


OOOOZ 

1200Z 


OOOOZ 

1200Z 


10, ON 

10.0 


90. 5W 
91.0 


10. 5N 
10.5 


91. OW 
92.0 


35 

30 


Tropical Storm 
Tropical Depression 


Tropical Depression 
Tropical Disturbance 


10/1 


OOOOZ 

1200Z 


Tropical Disturbance 


10/2 


10/3 


10/4 


10/5 


10/6 


OOOOZ 

1200Z 


OOOOZ 

1200Z 


OOOOZ 

1200Z 


OOOOZ 


OOOOZ 

1200Z 

1800Z 


11. 8N 

11,2 


95. 5W 
97.0 


10. 8N 
10.5 


97. OW 
98,0 


10, 5N 


97.5 


12. ON 

13.0 

13.1 


98. 5W 
99.5 
100.3 


Tropical Disturbance 


30 


j Tropical Depression 


984 


3.1 













DISTURBANCE: HURRICANE MADELINE (Continued ) 


Date 


Position 

Pressure 

(MB) 

Wind 

tl'JS) 

Stage 

Time 

Latitude 

Longitude 

10/7 


■ 

101. on 
102.0 
102.0 


70 

75 

Hurricane 


11 ^^ 

16. ON 

17.0 

18.2 

102. OW 

102.1 

102.0 



Hurricane 
Tropical Storm 


1 

■i— — 
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HURRICANE MADELINE - (OOOOZ - 1200Z) 


LOCATION 
Tropical Storr, 
LATITUDE 
10. ON 


LONOITUDE 

9C.5n' 


iuatqr crossino 


OOOOZ 


111447 


113416 










4.0 CENTRAL AND WESTERN PACIFIC AREAS 

4.1 GENERAL 


All of the data on the tropical cyclones occurring in these 
document*"^ the Joint Typhoon Warning Center (JTWC) 

Storms as identified by the JTWC document are listed (Table 
of inSity'" occurrence and general description 

In 1976, the number of Western Pacific tropical cyclones 
I^rnnlr!? the long term average. There were 25 numbered 

tropical cyclones in the JTWC area of responsibility, all of which 
progressed to tropical storm or typhoon intensity. Of the 25 
storms, 14 attained typhoon intensity, including four super typhoons 

without a numbered cyclone 
tJJhLn (TabTr4^2).’'®‘'"‘'"''^^ December) were without a 

in Storm season hod an early debut with Typhoon Kathy forming 

Hi? eq -atorial trough was firmly established by ^ 

April and maintained itself throughout most of the remainder of the 
year. An exception was late September and most of October when 
the westerly flow along the equator gave way to Lsterly^raSes 

As number of days (53) of multiple-storm situations. 

As early as May, simultaneous storms were generated when Olga and 
.ticked across the western Pacific causing extensive damage 
Philippines and to Guam. June through September saw six 

thrle-stS™ “t„n"on 

Started quickly, the latter part of the season 
ear ler than normal. For 36 days in September and 
active period, there were no warnings 
ha^s^rh J°i ii"“ 1^58, when 30 days passed without a depreLion, 
ft ic iJt “]• occurred during this time of the year. 

smitLrn^h'"^-^’h^ storms in the northern and 

Tropical Storm Nancy 

fomed in the Pacific, north of the equator, and TC 19-76 did 
likewise, south of the equator. /o oia 

damage during 1976 was associated with three of 
the four super typhoons. Damage estimates to public and private 

combined exceeded one billion dollars 
fnr in w 133 dead in Japan. While Pamela was responsible 

typhoon miraculously caused only one 
linn 1 ^ 1t passed over Guam. Therese sank 12 ships, and left 
1300 homeless due to heavy rains in southern Japan. During May, 

monsoonal rains over the Philippines which led 
to oyer 200 deaths and thousands homeless. In addition, Typhoon 
Billie generated great waves which resulted in the drowning of 41 
fishemen and swimmers as the storm passed through the Ryukyu 
islands. It was subsequently responsible for 4 deaths in Taipei 
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and caused millions of dollars of damage to facilities during its 
passage over northern Taiwan. Although Marie caused no known 
fatalities, it brought millions of dollars of damage to crops and 
structures in the Pa’au Islands. In September, Iris sank a Panamanian 
freighter and killed four as it tracked slowly across the South 
China Sea. 

The only Central Pacific tropical cyclone spawned during 1976 
was in the month of September. A disturbance observed on the 20th 
ultimately developed into Hurricane Kate, and at one time became a 
threat to the Hawaiian Islands. It later recurved, passing northeast 
of Hawaii. Kate ended a 24 month absence of tropical cyclone 
activity in the Central Pacific, being the first hurricane since 
August 1974. Table 4-3 gives the frequency of storms by month for 
the Central Pacific. 

Ground track plots for all of the western Pacific cyclones are 
shown in Figures 4-1 through 4-5. 

In the following sections, GEOS-3 ground track plots and 
additional cyclone information are given for the four Pacific area 
tropical cyclones which appear to have accompanying GEOS altimeter 
data. These are: 

Marie TC-03 

Olga TC-05 

Pamela TC-06 

Louise TC-23 


STORM 



Typhoon Kathy (TC-01) 

Tropical Storm Lorna (TS-02) 
■Typhoon Marie (TC-03) 

Tiopical Storm Nancy (TS-04) 
Typhoon Olga (TC-05) 

Super Typhoon Pamela (TC-06) 
Typhoon Ruby (TC-07) 

Typhoon Sally (TC-08) 

Super Typhoon Therese (TC-09) 
Tropical Storm Violet (TS-10) 
Tropical Storm Wilda (TS-11) 
Typhoon Anita (TC-12) 

Typhoon Billie (TC-13) 

Tropical Storm Clara (TS-14) 
Tropical Storm Dot (TS-15) 
Tropical Storm Ellen (TS-16) 
Super Typhoon Fran (TC-17) 
Tropical Storm Georgia (TS-18) 
Typhoon Hope (TC-19) 

Typhoon Iris (TC-20) 

Typhoon Joan (TC-21) 

Hurricane Kate (TC-22) 

Super Typhoon Louise (TC-23) 
Tropical Storm Marge (TS-24) 
Tropical Storm Nora (TS-25) 
Tropical Storm Opal (TS-26) 
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DATE 

MAXIMUM 

SURFACE 

WIND 

MINIMUM 
OBSERVED 
SEA LEVEL 
PRESSURE 

DISTANCE 

TRAVELED 

(01/28/76 - 02/02/76) 

80 

969 

1966 

(02/27/76 - 03/01/76) 

35 



806 

(04/03/76 - 04/14/76) 

115 

929 

955 

(04/25/76 - 05/C2/76) 

55 

984 

1279 

(05/12/76 - 05/27/76) 

100 

934 

2443 

(05/14/76 - 05/27/76) 

130 

921 

2570 

(06/23/76 - 07/04/76) 

120 

934 

2798 

(06/24/76 - 07/03/76) 

116 

923 

2981 

(07/11/76 - 07/20/76) 

135 

903 

2290 

(07/21/76 - 07/25/76) 

55 



650 

(07/22/76 - 07/24/76) 

45 

992 

898 

(07/23/76 - 07/25/76) 

65 

979 

864 

(08/J3/76 - 08/10/76) 

125 

914 

1854 

(08/05/76 - 08/07/76) 

40 



263 

(08/18/76 - 08/23/76) 

50 

989 

1408 

(08/20/76 - 08/24/76) 

45 

993 

1243 

(09/03/76 - 09/13/76) 

130 

913 

2616 

(09/09/76 - 09/15/76) 

40 

992 

1325 

(09/14/76 - 09/17/76) 

70 

981 

1604 

(09/14/76 - 09/21/76) 

75 

967 

756 

(09/19/76 - 09/24/76) 

70 

_ _ _ 

1368 

(09/21/76 - 10/02/76) 




(10/30/76 - 11/07/76) 

140 

895 

2754 

(11/06/76 - 11/11/76) 

60 

977 

1836 

(12/03/76 - 12/08/76) 

45 

992 

456 

(12/09/76 - 12/10/76) 

35 

996 

338 
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Table 4-3. Frequency of Central Pacific Storms by Month and 
Year. (Number in parenthesis indicate storms 
reaching hurricane intensity) 
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TYPHOON MARIE 
(TC-03) 

April 3-14, 1976 


2^ April a tropical disturbance was detected by satellite 
near ION, 140E. Synoptic data revealed a weak surface cyclonic circulation 
with an associated upper level anticyclone. The system drifted slowlv 
southward for the next 2 days. At 0030Z on the 3rd, a formation alert was 
issued when synoptic data indicated the system had intensified to 25 kt. and 
increasing upper level outflow to the north promised good potential for 
urther intensification. At 0600Z on the 3rd the first warning was issued. 

SIX hours later the system was upgraded to Tropical Storm Marie when synoptic 
data confirmed aircraft reports of 35 kt winds. ^ ^ 

Influenced by a weak steering flow, the storm turned eastward in a counter- 
clockwise loop, and during the evening of the 4th began taking a slow, southerly 
heading. Tropical Stom Marie intensified, and by 0600Z on the 5th had attained 
typhoon strength. Twelve hours later the typhoon had acquired a 6 kt movement 
toward the west-northwest, and for the next 48 hours maintained 65 kt winds. 

On the evening of the 7th, the typhoon once again began to intensify, as upper 
tropospheric winds over the Philippine Islands backed, indicating deeper 
troughing to the west and a more efficient link of the storm's outflow channel 
with the mid-latitude westerlies. This intensification continued slowly 
during the subsequent 84 hours at a rate of about 1/2 mb per hour. 

At 1500Z on the 7th Typhoon Marie passed 40 nm north of Palau with peak 
gusts of 75 kt and a minimum sea level pressure of 993 mb recorded at Koror 
While no deaths or injuries were reported, damage of more than $4 million was 
incurred on the Palau Islands. Crop destruction was extensive as was damage 
to buildings and public utilities. As a result, Palau was declared a major 
disaster area. 


By OOOOZ on the 8th a weakness in the subtropical ridge appeared near 
the eastern coast of the Philippines. In response, Marie turned northward 
and recurved. During the typhoon's western-most position at 2100Z on the 
10th, the system reached its maximum intensity of 115 kt. The lowest sea-level 
pressure was 929 mb recorded by aircraft at 2031 Z on the 10th. Typhoon Marie 
maintained 115 kt winds for 24 hours as its northeast movement increased to 
II kt. By 1800Z on the 11th Marie began to weaken while accelerating on a 
northeast track, closely following the 700 mb flow. Two days later the final 
warning was issued as Marie became extratropical . 
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TYPHOON MURIE - 4/4/76 (00002 - 24002) 


LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 
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typhoon OLGA 
(TC-05) 

May 12-27, 1976 


Tom® f^ident throughout this zone Bv surface circulations 

showed indications that it wntiiH analyzed near 

and the first warning was issued at OSOOZ^on^the^lPth’"^?^ circulation. 
OI 93 was a unique system h;^uinn u IZth. From the onset. 

tained throughout its life. One such^t^it'^''^^^fh’^f’‘^^ 
stacking, observed when comoariL vertical 

low level circulation was often ill (pfinoH ^"^/’’"^caft positions. The 
multiple circulations coul3 b'l"ideJt??[ir’ ' 

moving toward the^southwLr^fJnowfnrfhr ^ a tropical disturbance 
cyclone. After 1200Z on he 12 ^l^e cnma"fnln°' ^"ti- 

west-northwest was observed but at h^lf ^j^”"^tol 09 ical track toward the 
of year. This movement, along thfsSu hp^r for this time 

persisted through the afternoon of thP n*h m subtropical ridge, 
tropical storm. Later that MShfsafel i^P It" to a^ 

?Itk cirr^lation 120 nm\o the east^nf th the presence 

14th the origina- renter had diLipated aid <^eoter. By the 

consolidated aro nd this second rp^w the convective energy had 
ceeded toward the west^^rSwest'wSne^t\^L7!°^nI"‘’ P^°' 

tropical storm intensity for the second timp n and attained 

to a short wave trough in the westerli'pc ana responded 

However, on the 17th the stom Ssumpri ftc the north, 

short wave progressed rapidly toward the heading as the 

satellite data indicated Olga was enterin^unfa ^ 

environment provided by a 200 mb ridJrovpr Sn shearing 

throughout the remainder of Olga's life utheast Asia, which persisted 

long wave trough mov?ng^off the^east’cLst'^rrh'"”^’^'"^^ ""^sponse to a 
was expected that the ^fnrm China. At this point it 

Olga began a counterclockwise loop*'^an7slol!r'^ °f instead, 

unfavorable upper level shear 0?’th^ ?n despite the 

attained typhoon intensity Afte? ° completed its loop and 

toward the west at 6 krcontinuL nl t^^^ked 

®pOZ and 1947Z on the 20th there was a"n' ^ aircraft reports 

of 44 mb (from 978 to 934 mb a rat" 0 ? ? 7 ,7'^ 

deepening. Olga made landfall on the eSst ^ide "^P’^ 

approx, ™tel, OOOOZ on the 21sf with win* ^^iL'ted".? lorkl^'®" “ 

next 24'tourroigI's'jL!™'Iej°dered 9»lckly. For the 

coast 0 , tdzon p.ssln, near Bayle^^BaV^r^J^'JSs^r-Jrk; 
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Seeking the path of least resistance, Olga tracked through the Luzon low- 
lands during the next 48 hours exiting the island through Lingayen Gulf 
on the 24th. During its slow journey across Luzon, at 2 to 4 kt, Olga 
enhanced the southwest monsoon over southern Luzon, bringing rains in 
excess of 50 inches at Cubi Point and perhaps higher at other areas. The 
resulting floods contributed to over 200 deaths and thousands of homeless. 
For the next 24 hours Olga tracked toward the northwest through the Gulf 
reintensifying to 40 kt. On the 25th, the low level circulation separated 
from the hard core convection and tracked toward the northeast at an accel- 
erated rate. Olga dissipated to the west of Okinawa on the 27th as it was 
absorbed into a subtropical disturbance west of the island. 
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TYPHOON OLGA - 5/21/76 (OOOOZ - 2400Z) 
































































TYPHOON OLGA - 5/23/76 (OOOOZ - 2400Z) 


LOCATION 
Tropical Storm 
LATITUDE LONGITUDE 


ITOR CROSSING 
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TYPHOON OLGA - 5/24/76 (OOOOZ - 24J0Z) 


LOCATION 
Tropical Storm 

LATITUDE LONGITUDE 

16. IN 120. 2E 
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TYPHOON OLGA 



LOCATION 
Tropical Storm 


TIME 

LATITUDE 

LONGITUDE 


EQUATOR CROSSING 

00002 

17.5N 

119. 4E 

5818 

-38.65 

0600Z 

17.9 
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18.4 

119.2 

5825 

144.07 

180CZ 

18.8 
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20.1 
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TYPHOON OLGA - 5/26/76 (OOOOZ - 0600Z) 
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SUPER TYPHOON PAMELA 
(TC-06) 

May 14-27, 1976 

of the fourth typhoon of 1976, was also the first super tynhcon 

D ; Destined to become one of the more destructive storms of 
history, Pamela was first detected on the morning of May 13 as a t?Spi?al 
disturbance near the eastern edge of the near equatorial trough aoDroxi- 

: ^ the 

sltlilitl sparse synoptic data available, however, 

of thi 14 th general southward movement. On the morning 

the 14th the disturbance began to move to the southwest and at 0600Z 

f 0 TD 06 B, that evening the depression wls »5iS west 

40 kt snH aircraft indicated surface winds near 

sea level pressure of 998 mb; at 0600Z TO 06 was upgraded to 

loufh thereafter Pamela began to move to the 

iOUtr at 9 to 10 kt, intensifying to 45 kt by 1800Z. 

+k next morning satellite data showed that Pamela was moving toward 

the south-southeast. Truk synoptic data at 18002 indicated Tsea leJel 

Truk^hlri ^ "'f previous 24 hours. By 2200Z 

Af surface pressure of 397.9 mb and northeasterly winds of 30 kt 

? u counter-clockwise ?oSp around 

iruk. At 0348Z on the 16th an aircraft fixed Pamela 75 nm southeast of 

^Iter"tharaf?erno ^ "o-^^f^east track gathering r-ipheral information. 
^h^i^^rAf^Sc HI indicated destructive winds at Satawan Atoll, 

an diverted to the region of the atoll where the crew observed 

an extensive area of 55 to 65 kt flight level winds with surface winds 

ampnHpH^t ^+k D740Z on the 16th warning number 09 was 

Zl? h:,f ■^P'P^PP" PP"P'P » ‘Pis ‘i"» ““ a 

pf Ik typnoon. Tue maximum winds were located on the south side 

of the 150 nm diameter central dense overcast. 

errat?cIrS continued to intensify as it moved 

errancai.y at 3 to 6 kt. turning noi^-thwestward on the morning of the 17th 

coZ-nupTtTl"^”;/!^’''^^ the 18th. Satawan Atoll 

50 to sf kt southwesterly and southerly surface winds of 

repmel^ widespread or, the tiny atoll, hut no deaths were 

within%o*’L"’nf"i"^t,°^ the 18th Pamela had accelerated to 7 kt. passing 
w thin 50 nn of Truk. A minimum sea level pressure of 993 4 mb was 
recorded at 0400Z and a peak wind of 49 kt Sas obserSL an ho^' tater. 
of maximum surface winds of 85 kt. a minimum pressure 

5k circular eye 10 nm in diameter. From the afternoon of the 
i7th to the afternoon of the 18th Truk recorded nearly 11 inches of rain 

on^Sops!^’^’^'"'^ killing 10 persons. Massive damage was inflicted 
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s erratic movements can be attributed to the influence of the 

(TUTT). On the 13th the TUTT began to 
thi ^ disturbance. Through the evening of the 15th 

the TUTT moved steadily south-southwestward, applying pressure to the uoner 
anticyc one above Pamela. This pressure accounted for^amela^ soutL?d 
and westward movement, and for the cyclone's slow intensification Bv 

Ir/SL""” •'><1 receded northward reI!“S;? ilie soeth- 

P*^psure, enhancing outflow and allowing the tropical storm to intensifv 
This re ease of pressure would have allowed the storm to mov^tlSc f 
climatological west-northwest tracking, however, by the 15th, an incuced 

P>"essure cell between Pamela and Typhoon Olga (in the 
thp intensified, building eastward and forcing Pamela toward 

west tt ^^ed considerably to th^ 

con,JieE?ng Jte l5?p aroS^d fr" 


to„ardX‘’nS?JhSLt‘'’!:.'®“ “““ ™ ^Whoon Pamela moved 

nf ?n let "O.thwest at an average speed of 9 kt, intensifying at a rate 

tunhp 6 hours. At 1200Z on the 19th Pamela reached its super 

18 hSS?s’ maintained for 

lo nours. At d\lZZ on the 19th reconnaissance aircraft renorted thp mini 

walTrlnuHc'^ P'"essure at 921 mb while observing concentric eye 

wall clouds with diameters of 10 and 20 nm. By the afternoon of the 20th 
an eastward moving short-wave trough had created a w^Sfin thfmid- ’ 
tropospheric subtropical ridge north of Pamela. Thi^ coupled wi?h an 

high pressure cell east of the typhoon, fo^ceS Pamela Jo acquire 
the north-northwestward track which would bring it over Guam. ^ 

ifith threat to the island had been identified as early as the 

IxSected to JaIrwiJhin indicated that Pamela was 

expected to pass within 100 nm of Guam. At 0450Z on the 19th the Commander 

Naval Forces Marianas (COMNAVMAR) set Typhoon Condition Hi for Lam At 

?9th cL?ELn f waTser^ 

fiwma J^he next 24 hours northeasterly winds on Guam slowly intensi- 

wJather SerL'L'fNWSrEf^^^® the 20th the National 

while ^ reported 73 kt winds at the 3000 ft level 

aiJjLft fmm ?hS 21st reconnaissance 

fixed the ^ Weather Reconnaissance Squadron, Andersen AFB, Guam 
fixed the typhoon 30 nm southeast of the island. Less than 90 minutes 
ater the northwestern edge of the eye was over the southeast coast of Guam. 

-j relatively calm eye, some 20 nm ii. diameter, required ud 

NWS^atTLa? r?nA the center of the island. Both Andersen AFB and the 
NWb at Taguac continually experienced winds exceeding 50 kt as the eve 

Majors ?n°s Installations Lich had w?!ld Zli- 

cators lost their anemometers prior to the peak winds. The maximum 

observed wind gust was 138 kt reported by the NWS Taguac at 09462 The 
minimum recorded surface pressure was 931.7 mb at NAsVewer Field some 
5 nm northeast of the center. The lowest pressure of approximately 930 mb 


(indicated by aircraft and land stations) supports estimated peak 
sustained winds of 120 kt with gusts of 145 kt. Pamela's winds gusted 
as much as 80 kt between peak and lull in a matter of minutes, resulting 
in extremely large pressure differences (60-70 lbs per square foot) on 
windward and leeward sides. Few unreinforced structures were able to 
withstand the intermittent pressure and wrenching effects. NWS Taguac 
recorded 33 inches of rain during Pamela's passage, with 27 inches falling 
in a 24- hour period. 

Although the winds of Pamela, were 25 kt weaker than those of Typhoon 
Karen which flattened the island in November 1976, the slow 7 kt movement 
rendered Pamela more destructive. The 226 square mile island was buffeted 
by winds in excess of 100 kt for 6 hours, by winds of typhoon force for 
18 hours and by winds exceeding 50 kt for 30 hours. The last warning on 
Pamela by JTWC was issued at 2320Z on the 20th. The alternate JTWC at 
Yokota AB, Japan assumed all warning responsibilities for Pamela and Olga 
during the next 5 days. 

All Naval and Air Force units had been given adequate warning and had 
evacuated most of their ships and aircraft. Despite extensive preparations, 
damage to civilian and military facilities was severe, exceeding $500 million. 
Ten small ships and tugs which had sought refuge in Apra Harbor, were either 
sunk or ran aground, and numerous other small craft were sunk or damaged. 

One ship, the U. S. Coast Guard Cutter Basswood, courageously rode out the 
storm anchored in Apra Harbor where it recorded a peak gust of 120 kt and 
a minimum sea level pressure of 933.1 mb. 

Miraculously, only one death occurred on Guam due'to Pamela's passage. 
This low loss of life was attributed to the timely and accurate forecasts 
issued on the storm. A comprehensive account of lessons learned from 
Pamela is gi-.en in the Super Typhoon Pamela After-Action Reoort. oreoared 
by CINCPAC REP GUAM/TTPI in August 1976: 

After devastating Guam, Pamela continued to maintain its 120 kt 
intensity for an additional 36 hours, moving northwestward at an average 
speed of ij kt. Saipan experienced gusts of 55 kt and received 10 inches 
of rain as the storm passed 120 nm west of the island. As Pamela continued 
to threaten the northern Mariana Islands, mop-up operations were in full 
swing on Guam. Although the civilian and military factions were well- 
organized and worked closely together, recovery efforts took months. 

On the morning of the 23rd Pamela, still packing winds of 115 kt, 
slowed to 8 kt, and by that evening had passed through a weakness in the 
mid-tropospheric subtropical ridge, recurving to the northeast. At 2000Z 
on the 24th, Pamela passed 15 nm to the east of Iwo Jima blanke’zirg the 
island with 75 kt winds. By 1800Z on the 25th the system had weakened into 
a tropical storm. The cooler sea surface temperatures and tremendcs 
vertical shear rapidly stripped the storm of its tropical characteristics, 
and by the afternoon of the 26th Pamela had become extratropical . 

Pamela's 15 day trek took it a distance of 2570 nm during which a total 
of 52 warnings were issued, 40 of them as a typhoon. 
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Figure 4-8 
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SUPER TYPHOON LOUISE 
(TC-23) 

October 30 - November 7, 1976 


intense'^ori976® typhoon of the season, was also the most 

detected bv satPlJto become Louise was first 

oetected by satellite data on the morning of October 27 about 75 nm eact 

caJ^li^ac ^ disturbance showed little intensifi- 

?Qth th through the northern Truk District. Late orthe 

30th sStelTlitrdJff • the west, and by the morning of thi 

is -tension,. The f,?st werSing 

70 kt ll?«h7iLS?“''^a r “f No.en.ber eirSfft SbsSrISS 

^ series of rapidly moving. mid-troDosoheric 
125 ranH'^?inF°"'^ 5 ^ ^ weakness in the subtropical ridge^between 

afternoon of the 1st Louise began to rLpond tS this 
weakness by acquiring a northwestward track. Almost simultaneous Iv tho 
typhoon commenced more rapid deepening, attaining 105 kt winds 6 \ the 
morning of the 2nd. From 0311Z on the 1st to 0310Z on th^^nd recoJ^is 
n? ^ central pressure of 43 mb a Jajr 

1 -upI deepening was in response to favorable’upper- 

ons^ k°k^I channels to the northeast and south. Further deeoenina to 
905 mb had occurred by 1435Z on the 2nd. a fall of 28 mb in ?1 Sours^ 

During the early morning of the 3rd Super Typhoon Louise attained itc 

lowIT maintained for near?y 36 hour^ The 

St recorded pressure was 895 mb observed by aircraft at 0830Z on the 3rd. 

tai nod'll morning of the 2nd until the afternoon of the 3rd louise main- 
tained its northwestward tracK moving at 14 to 16 kt Then on the affo.. 

pTr;oherJ'o%'S* asU recurved around 

pe iphery of the mid tropospheric subtropical ridge. By OOOOZ on the Atk 

anflfo I” ’ff "”f “ no’f b-„“jrSstwL“ SlJe'I'uop 

as It traJersed tbe'Uaf If 1,1“'' Stl Ifjba* 

accl™a°;e“on'a nfJhlalt'SHir’ “> 
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From OOOOZ on the 4th until 1800Z on the 6th Louise weakened at the 
unusually slow rate of 5 kt per 6 hours. This slow weakening resulted from 
two cond ,i'ons: (1) A broad surface high pressure cell centered over 

northern Honshu prevented significant equatorward penetration of frontal 
systems; and (2) The extremely strong jet stream (exceeding 200 kt) over 
eastern Japan provided an excellent outflow channel. At 0300Z on the 6th, 
Minamidaito Jima, 40 nm north-northeast or Louise, reported east-north- 
easterly winds of 40 kt <ind a sea level pressure of 984.8 mb. Two hours 
later the storm passed 16 nm southeast of the island with maximum winds 
estimated near 95 kt. 

By the 7th, cooler sea surface temperatures and very strong vertical 
shear were taking their toll as Louise moved north of 30N. Reconnaissance 
aircraft at 0359Z on the 7th indicated that Louise was rapidly losing its 
tropical character and was becoming extratropical. The Airborne Recon- 
naissance Weather Officer also observed that the lower half of the wall 
cloud was "rotating rapidly," a phenomenon sometimes reported when a storm 
is becoming exti'a tropical. 

At 0600Z on the 7th, moving east-northeast at 25 kt, Louise became 
extratropical. As an extratropical system the remains of Louise moved 
northward to combine with another surface low. The resulting system had 
deepened to 947 mb by the 10th and became one of the most severe extra- 
tropical storms of the year, ultimately producing surf in excess of 30 ft 
in the Hawaiian Islands. 
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SUPER TYPHOON LOUISE - 10/30/76 (OOOOZ - 2400Z) 



LOCATION 

Tropical Depression 

LATITUDE LONGITUDE 


rJATOR CROSSING 
168.71 


ITOR CROSSING 


0933ZI 


0938Z 


OOOOZ 

0600Z 


212550 


2215Z 


222330 


230736 


2400Z 


lUill 

mill 






























5*0 NORTH INDIAN OCEAN ARFfl 
5.1 GENERAL 


occurring in tSe No?th7nSV 

Joint Typhoon Warning CenteJ^TWrl were extracted from the 
Report." ^ Document," 1976 Annual Typhoon 

Indian Ocean: ^threrirthriarof cyclones in the North 

Sea. Table 5-1 prLe^ts the troliv^?^"’ ''^^bian 

for 1976 and forV prIceSing T^vea^s "r by month 

of activity during November I97fi Except for the absence 

total of 28 warnings Se fssued or hp J?"'°^ A 

which exceeded 55 kt intensitv Tr cyclones, none of 

acquired JTWC area of resJonsibiliL "®wly 

from 62E to the coast of Africa. which this year was extended 

ground^trlckl together wUh°thli?‘^DerriI^ ’f 
- Figure 5-1. §,,er 

GEOS-3 schedule infoSion^i!Id?Mtes onl!°J® information and the 
and even that possibility does not aoDear'^upr^ intersection 

as available, however, is given ij the next sectiSnl^’ 


5.2 TC 20-76 


Ocean for the 197fi cpAc«n cyclone m cne Indian 

were 50 knots. The one data pasrirS^^/pJ"’^-^^ 
of the storm's development Fnii«!^t ° infancy 

track maps and satellite track maps."^ cyclone position 
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Table 5-1. Frequency of North Indian Ocean 
Cyclones by Month and Year 


YEAR* 

D 

D 

M 

D 

M 

D 

D 


s 

0 

fl 



1971 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

0 

■ 

1972 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

■ 

0 

H 

1973 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

H 

1 

H 

1974 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

D 

1975 

1 

0 

0 

0 

2 

0 

0 

0 

0 

1 

2 

0 

mm 

1976 

0 

0 

0 

n 

0 

n 

0 

0 

1 

fl 

0 

B 

■ 















AVG** *** 

0.1 


0.1 

0.3 

0.7 

0.7 

0.6 

0.4 

0.5 

1.0 

1.1 

0.5 

5.7 


* 1971-1974 represent Bay of Bengal cyclones only 

** 1877-1960 average (including Arabian Sea) Mariners Worldwide 

Climatic Guide to Tropical Storms at Sea (H. L. Crutcher and 
R. G. Quayle) 

*** Less than 0.05 per month. 


































Table 5-2. 1976 Tropical Cyclones, Indian Ocean Area 


TYPE 

NAME 

PRD OF WRNG 

TC 

20-76 

29 APR-02 MAY 

TC 

22-76 

02 JUN-03 JUN 

TC 

23-76 

10 SEP-11 SEP 

TC 

25-76 

15 OCT- 17 OCT 

TC 

30-76 

30 DEC-02 JAN 


CALENDAR 
DAYS OF 
WARNING 


OBS NO. OF WARNINGS 

WIND SLP TOTAL AS TV 


DISTANCE 

TRAVELED 


1976 TOTALS 

* OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM 
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TROPICAL CYCLONE 20-76 



LOCATION 
Tropical Storra 
LATITUDE LONGITUDE 
13. IN 94. 2E 

13.4 94,0 


ORBIT 

5450 

5451 

5457 

5458 


EQUATOR CROSSING 
-79.80 
-105.12 
102.93 
77.61 


TIME 

1300Z 

2400Z 



















REFERENCES 


Fleet Weather Central/Joint Typhoon Warning Center, 1976 Annual Typhoon 
Report, 1976. 

Gunther, Emil B., "Eastern North Pacific Tropical Cyclones of 1976," 
Monthly Weather Review, Volume 105, April 1977, pp. 508-522. 

Herbert, Paul J., and Staff, National Hurricane Center," Annual Data and 
Verification Tabulation/Atlantic Tropical Cyclones 1976," NOAA Technical 
Memorandum NWS NHC 4, May 1977. 

Lawrence, Miles B. , "Atlantic Hurricane Season of 1976," Monthly Weather 
Review, Volume 105, April 1977, pp. 497-507. 


of ^ 


1. Report No. 2. Government Accession No. 

NASA TM-73282 


4. Title and Subtitle 

An Atlas of 1976 GEOS-3 Radar Altimeter Data for Tropical 
Cyclone Studies 


3. Recipient’s Catalog No. 


5. Report Date 

January 1979 


6. Performing Organization Code 


7. Author(s) 

H. Ray Stanley. NASA Mallops Flight Center 
Barbara Chan, Cindy Givens, Ronald Taylor, EG&G/WASC 


9. PerformingOrganizatton Name and Address 

EG&G/Washington Analytical Services Center, Inc. 
Wolf Research and Development Group 
P. 0. Box 476 

Pocomoke City, Maryland 21851 


12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 

Wallops Flight Center 

Wallops Island, Virginia 23337 


8. Performing Organization Report No. 


10. Work Unit No. 


11. Contract or Grant No. 

NAS6-2639 


13. Type of Report and Period Covered 

Technical Memorandum 


14. Sponsoring Agency Code 



This document's primary purpose is to provide the means for locating and extracting GEOS-3 
altimeter data acquired for the analysis of specific hurricanes, typhoons, and other tropical 
cyclones. These data are also expected to be extremely useful In the analysis of the behavior 
of the altimeter Instrument In the presence of severe meteorological disturbances as well as 
provide a data base which can be useful in the resolution of apparently anomalous geoid or sea 
surface characteristics. Geographic locations of 1976 tropical cyclones have been correlated with 
the closest approaching orbits of the GEOS-3 satellite and its radar altimeter. The cyclone 
locations and altimeter data were correlated for the entire 1976 season. The area of coverage 
includes the entire northern hemisphere. This document is a sequel to NASA TM-X-69364 which 
covered the majority of the 1975 season. 


17. Key Words (Suggested by Author(s)l 

Hurricane, Tropical Cyclone, GEOS-3, Altimetry, 
Typhoon 


18 Distribution Statement 

Unclassified - unlimited 
STAR Category 47 


19. Security Qassif. (of this report) 
Unclassified 


20 Security Classil (of this pegel 
Unclassified 


21. No. of Pages 

198 


For sale by the National Technical Information Service, Springfield, Virginia 22151 

















